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PREFACE  TO   THE   FIRST   EDITION 


Tm  preeent  wwk  differs  from  tbc  Author's  "  IntroductioR  to 
General  Iiiorgantc  Cbemutiy"  in  being  intended  for  pupils  who 
can  (irv-otc'  U^se  tiiuc  to  iJic  study  of  Ibc  science,  and  whooe  needs 
can  be  suttufii'd  by  a  less  vxt^nxivc  course.  It  resembke  tbe 
la^er  work  in  tho  amuigcmviit  of  tbc  contents  and  in  (he  general 
method  of  treatment.  The  matter,  and  particularly  the  theoreti- 
cal matter,  huwvvcr,  has  been  simplified  and  has  been  confioed 
strictly  to  (Ih'*  iuo»t  fundamental  topics.  Such  parts  of  the  theory 
aa  are  thus  given,  arc  presented  with  tbc  same  fullness  as  before, 
and  are  Ulustratet)  aiid  applied  with  all  the  persistence  needed  to 
insure  full  apprehenMon  and,  ultimately,  spontaneous  cmplo)-n)ent 
by  the  student.  Such  part*  as  could  not  be  treated  in  this  way, 
within  tbe  limits  set  by  the  plan  of  tbe  book,  have  l>cen  omitted. 
Method)!  materially  dilTerent  from  tboee  used  in  (he  "Introduction" 
have  been  enipluj'cd  in  presenting  many  topics.  Conspicuous 
differences  of  this  kind  Will  be  noted  pnrlKuIarly  in  the  treatment 
of  combining  proportions,  formulae  and  oquatiuiui,  molecular  and 
atomic  wet^t»,  chemical  equilibrium,  iouic  subetsnces  and  their 
intersctioaM,  and  \ix  tboory  of  prceipitution. 

Tbe  writer  desires  to  express  Km  profound  gratitude  to  tbc  many 
chemists  who  have  nuule  valuable  criticisms  and  suggestions^. 
Most  of  thctw  comments  applied  to  the  "  lutroduetiun  to  General 
IiKMiganic  Chemistry,"  but  many  of  them  have  been  used  in 
preparing  this  work  {(icneral  Chemistry  for  Colleges),  and  all  will 
be  considered  in  the  sr-cond  edition  of  the  larger  book. 

For  critical  reading  of  the  whole  of  tbc  proofs  of  the  present 
work,  tbe  writer  desires  esi>ecially  to  thunk  Messrs.  A.  T.  McLeod 
and  j\lan  W.  C.  Meiijiics  of  tho  University  of  Cbic8{[0.  Other  cor- 
rections and  suggestions  will  be  gladly  received  by  the  author. 


Chicago,  April,  1906. 
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Albxandeb  Suitu. 


PREFACE   TO  THE   SKCOND  EDITION 


In  preparing  the  second  edition,  the  entire  book  has  been  re- 
written. The  inttx>duction  to  the  subject  has  been  irDprovo4  *od 
Rreatly  siiQpU6cd,  and  several  difficult  topics  havB  been  trana- 
ferred  to  later  chapters.  The  explanations  of  the  tbi-oretical 
Eubjects,  and  of  the  methods  of  making  culculations  havi-  been 
clanSed  and  additional  iUustrations  have  been  giveo.  In  view 
of  its  importtuics  to  prospective  students  of  biology  and  medicine, 
osmotic  pressure  is  treated  In  greater  detail.  To  add  greater 
interest  to  the  study  of  the  science,  and  because  of  their  edu- 
cational value,  ilte  historical  refcivDcea  bav«  been  expanded, 
muiy  more  applications  of  chemistry  have  been  discussed,  and 
the  number  of  Bgurcs  has  been  considerably  increased.  Exten- 
ave  new  sections  on  oxidation  and  reduction,  and  on  various 
methods  of  writing  equations,  on  radio-activity,  and  on  electro- 
motive chemistry'  have  been  added.  Briefer  new  sections  on 
atomio  numbers,  colloids,  foods,  explosives,  water  treatment,  and 
maoy  other  Bubjoct«,  have  been  included.  New*  pedagogic^  de- 
vices have  been  introduced.  So  far  as  recent  ad\'ances  can  be 
»pprehende<l  and  upplii-d  by  firet-ycar  coU<^  students,  the  treat- 
ment has  been  broiiglit  up  to  date. 

The  author  is  greatly  indebted  to  Messrs.  P.  C.  Haeseler,  and 
Herbert  K.  Eastloek  for  much  assistance  in  reading  tbe  proof  and 
for  many  valualtle  i<uggtwtioiis. 

Alexander  Suirn, 

New  York,  Januarj-,  1916. 
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GENKRAL  CHEMISTRY  FOR  COLLEGES 


CHAPTER  I 
THE  CHEBaCAL  VIBW  OP  BUTTER 

CiiBUltiTBY  is  a  uriencc  which  deuls  witb  oB  forms  of  matter.  It 
comiidcni  the  nutur»I  kiiicL^,  such  ns  rockit  uud  minerals,  as  well  ns 
inuteriiils  like  fill  ilikI  flour  obtftiDvd  from  niiiiiials  or  pliuiU.  It 
dculs  iibo  with  nrtifu-iitl  produMs  like  paints  or  explosives.  Wlien 
we  wish  iiiformatJoii  iit>oul  nay  i<[x;ciTiiou  or  kind  of  mutter,  we 
consult  ft  chemist.  Now  chemists  have  workeil  out  a  point  of 
view  wiiioh  enables  them  to  attack  any  problem  connected  with 
matter  in  a  systematic  manner  and  to  state  the  results  in  a  clear 
and  simple  way.  To  learn  something  of  chemistry,  we  must 
acriitire  this  point  of  view  ami  ma^tor  the  teetmteal  languay  the 
chemist  uses  in  stating  and  clisnusaing  his  results. 

Propttrliga.  —  Suppose  that  a  piece  of  rusty  iron  is  submitted 
to  the  chemist.  He  at  once  examines  the  fueI  and  notes  that  It 
is  solid,  reddish-brown  in  color  and  earthy  in  appearance.  Ho 
separatee  some  of  it  from  the  iron  and  finds  it  to  be  brittle,  that  is, 
eaaily  broken  and  capable  of  being  pulverized  in  a  mortar,  lie 
finds  that  its  density  is  about  4.5,  that  is  to  say,  1  c.c  (Appendix  I) 
of  it  weighs  about  4.5  g.  On  heating  some  of  it  in  a  flame,  he  &nda 
that  it  does  not  melt,  and  must  therefore  have  a  very  high  melting- 
point.  These  qualities  he  calls  properlitg,  and  more  especially 
physical  properties.  Since  all  specimens  of  iron-rust  show  exactly 
the  same  properties,  he  often  calls  them  spvclfic  phyilcol  prop«r- 
ttoa,  because  Diey  arc  pr<9Mtl«s  Bbowa  by  all  (pMimeni  of  a  par- 
ticular Bpcdes  ot  naatUr. 

After  removing  any  rust  by  filing  or  scraping,  the  chemist  ex- 
aminee the  iron,  and  finds  a  fresh,  cleim  surface  to  be  almost  white 
and  metaJlic  in  appearance.     Tlic  metal  is  tenacious,  so  that  it  can 
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be  bent  but  not  easily  broken.  It  is  ductile  and  can  therefore  be 
drawn  out  into  wire.  He  6nds  that  its  density  is  about  7.5,  and 
that  the  metal  in  incapable  of  being  toelted  in  an  csdinary  flame. 
In  addition,  he  hnds  it  to  be  strongly  Jitracted  by  a  Diagnet, 
while  rust  is  not  attracted. 

The  chemiiit,  then,  studies  what  he  calls  the  specific  phyacal 
properties  of  each  material,  in  order  that  he  may  be  able  to  recog- 
nize various  materials. 


SuhaUmcen,  —  All  specimena  of  iron  show  one  set  of  proper- 
ties and  all  specimens  of  iroii-rust  show  a  different  set,  peculiar  to 
rust.  The  chemist  calls  any  daflnit*  rariatj  of  matter,  all  ap«ci- 
maDB  of  which  abow  the  same  prop»rUM.  a  Bubstance.  Iron  is  one 
substance  and  rust  another,  A  subatance  is  recogmiied  by  itd 
properties. 

The  point  of  view  of  the  chemist  thus  consists  in  describing  any 
material  by  ascertaining  whether  it  is  made  up  of  one,  or  of  more 
than  one  substance.  He  daKribea  It  by  najninc  the  BUbBtances 
which,  by  a  study  c^  their  properties,  ha  has  found  la  it. 

Two  lUustrationa  of  tiie  Study  and  De»cription  of  Ma- 
terials, —  If  a  piece  of  fTanlt«  is  examined  by  a  chemist,  he 
obaer\'efl  at  once  that  it  is  spotted  in  appearance,  and  made  up  of 
several  crystalline  materials  of  differinn  nature.     He  therefore 
y         breaks  it  up  and  studic*  the  properties  of  the  fragments.     Some  of 
H     the  fragments  of  griuiitc  are  dark  and  with  a  penknife  can  easily 


ne.  1. 
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ba  split  into  transparent  sheets,  thinner  than  paper.  Thoee  par- 
tJeu^  fragments  are  in  all  respects  like  mica  (Fig.  1).  Thia  sub- 
irtance  is  n  mineral  which,  in  certain  ueighlwrhuods,  occurs  in 
targ('  masses,  and  sheets  of  it  ("isinglass")  are  used  to  fill  the 
opciuuict  iu  stoves.  Others  of  the  fritgmtiute  arc  clear  like  gla^, 
and  are  very  bard  (see  Appendix  II),  and  have  ail  the  properties 
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of  quarts  or  rock  crysUl  (Hg.  2),  which  is  another  BubsUnra 
wdl  known  to  the  chemist.  The  rcinftitiing  fragmcots  are  ite» 
dear  than  \x  quiirtc,  and  are  not  so  hart).  They  can  be  split  into 
layeifl,  but  nut  luaLrly  so  easily  us  can  mica-  Tliey  form  obton|[ 
crystals,  differing  in  this  also  from  quarts,  which  sliows  hexagonal 
crystals.'  Tlib  substance  is  frhpar  CFig-  3).  ThuB  the  chemist 
studies  the  phyvical  properties  of  the  fragments,  and  finds  that 
there  arc  threw  diffuront  substances  in  granite  He  reports  that 
the  coa^raocnta  of  granite  aro  mica,  quarts,  and  felspar. 

When  flour  is  catatnined  by  the  chemist,  it  appears  to  the  eye  to 
be  all  alike.  I'tulcr  the  microscope,  even,  all  he  can  learn  is  that 
it  consists  largely  of  grains,  which  have  the 
characteristic  appearance  (first  proper^)  of 
grains  of  starch  (nee.  Hg.  108,  p.  403).  He 
phoes  Make  flour  on  a  square  piece  of  cheeso- 
doth  and  andoaea  it  by  tj-ing  with  a  thread 
{Fig.  4).  On  kneading  the  little  bag  in  a  vessel 
of  water,  the  water  becomes  milky.  When  the 
milky  water  stands,  the  white  material  settles 
to  tiie  bottom,  the  water  can  be  poured  off, 
and  the  deposit  can  be  dried.  This  white  sub- 
stance, when  boiled  with  water,  gives  un  .iliiiost  elear  liquid  which 
jdliea  on  cooling.  TIud  i:;  iinothcr  propt^rty  of  sturch.  A  little 
tincture  of  iodine  (solutiiHi  of  iodine  in  uJcohol),  dropped  on  a 
part  of  the  starch,  causes  the  latter  to  turn  blue.  This  is  a  \'ery 
characteristic  property  of  (and  therefore  teel  for)  starcb.  When 
the  bag  at  Sour  h  kneaded  [H-rsistrntly  in  wiitcr  which  is  frequently 
changed,  the  niatcriul  nniUly  ceases  to  render  the  water  milky. 
The  starch  has  all  iK«n  wa«ho<l  out.  Wlien  the  bag  is  now  opened, 
a  sticky  nutterial  i.i  found  in  it.  Thin  is  called  gluicn.  The  chemist 
llierefore  finds  that  the  flour  contains  starch  and  gluten.  He 
learns  this  by  wpiiating  the  coniponenta- 

iMtr  of  (Mmponent  Subatancen.  —  Brary  mat«Tl»l  can  bs 
dMcritMd  as  being  compoeod  of  one  substance,  or  as  tx'ing  m  mixture 

*  Clj'xUki*  im  nbo  ludrj)  arc  antuml  fomui,  of  ([iwnurtriciJ  oullinv,  whidi 
•altd  NbrtaacGB  qmubic.  Usually  onoh  mibatuico  hu  a  amn  or  \«m  distioct 
tfKTD  of  U»  own,  the  psrtioulu'  aiigloi  at  wliioh  ttip  laara  mnttt  bring  peculiar  lo 
Um  mibrtMMif.  lU  iiKUviduixl  cr^HtolUne  Tonu  in  tli«rtiforc  a  specilic  phTnJed 
pnfxrty  <i(  Mch  subetuwe. 


Flo.  4. 
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oi  two  or  mor«  component  substances,  each  of  which  has  a  definite 
Bet  of  siicfific  physicul  properties.  This  is  the  first  and  moat 
fimdiunental  Uiw  of  chemistrj'.  ITus  conception  waa  first  clearly- 
stated  by  Lomouussov  (1742),  a  Russian  author,  statefiman,  and 
chemist  (1711-1765).  j 

Mixtures  and  Impurili«a.  —  A  tnaterial  containing  more 
than  one  compuueot  Bubetance  is  called  a  mixture.  'Hip  charac- 
teristic of  a  Dilxtiui;  ia  that  MCb  of  the  component  subst&nces, 
although  mixed  with  the  others,  pOMesaes  exacUr  the  same  prop- 
erties as  U  It  wsr*  present  alone,  No  one  of  the  compoiientit 
affects  auy  other  voiiiponent,  or  alters  any  of  its  properties, 
(iranitc  and  flour  arc  lypind  mixtures. 

When  a  specimen  is  ci;uipuscd  mainly  of  one  substonec,  imd 
coittttiiU)  odIj'  minute  amounts  of  one  or  more  other  sulMimeos, 
it  is  frequently  sixikcu  of  as  a  specimen  of  the  main  substiuice 
containing  certiiiii  ^pecifiod  MubutuucL'S  iis  Impurities,  To  be  called 
an  impurity,  the  foreign  mutter  need  not  be  dirty  or  offensive. 
Thus,  common  sidt  UKiiatly  contains  a  little  magnesium  chloride, 
a  white  crystalline  solid,  as  nu  imimrity,  and  it  is  this  impurity 
which  becomes  damp  in  wet  weather.  Again,  eomi^ounds  of 
lioie  and  uuigueaiuin  arc  cutnmuu  iiitpuritics  lu  drinkbg  water. 

Gnnponvnts.  —  The  Ingredients  of  a  mixture  are  cnllwl  the 
eompoiMDU  (Utt.,  put  mth),  Ihi:iiw  they  iire  dimply  pInrcKl  to- 
gether, without  change,  and  can  l»e  separated  u-ithout  change. 

Bodies  or  Spedmewi.  —  It  will  be  Been  that  tubatance  is  a 
gcnend  term,  like  the  word  "doR,"  eoveriuR  the  whole  sperics. 
The  subdance  iron  includes  all  the  iron  in  the  universe.  When 
we  refer  to  a  particular  piece  of  iron,  we  call  it  a  body  iir  a  specl- 
nwD.  If  the  hody  is  homoneneons  (all  parts  alike),  it  may  be 
made  of  a  tungle  substance.  If  it  is  heterogeneous  [differing  in 
different  parts)  it  is  a  specimen  (^  a  mixture  like  granite. 

The  Rusting  of  i%fetais.  —  If  we  return  once  more  to  the 
subject  of  rusty  iron,  we  find  anothej  point  which  interest*!  the 
chemist.  If  the  iron  is  kept  moist  —  for  example,  by  lying  in 
the  grit-w  or  partly  immersed  in  water  —  the  layer  of  rust  gradu- 
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aU>-  becomes  thicker,  and  the  core  of  iroD  bcvoiiM»  thinner,  until 
it  Gunlly  dJsuppcaiu.  The  ruHt  aeems  to  be  forvwd  front  the  iron, 
in  pnsscncc  of  air  and  moisture.  The  iron,  partifk  by  particle, 
loses  the  properties  of  iron  and  sinmltaneoui4y  acquire*  those  of 
rust.  Xovr  tlu  ehemiit  ti  concerned,  not  only  with  n-cogniuug 
subHtaon«,  but  also  with  the  ways  in  which  aubeU&c«a  cbuig*  and 
n«w  sub«t«aeea  are  produced. 

Several  other  familiar  metals  ruat,  as  does  iron,  but  the  chsuigf 
is  iiluwer.  Thus,  lead  rusts  (tarnishes)  slowly,  and  xinc  still  more 
tdowly.  Tbe  change  can  be  hastened  by 
heating.  For  example,  if  some  lead  is 
mehed  in  a.  porcelain  crucible  (Fig.  5) 
and  in  stirred  with  an  iron  wire,  a  dirty 
j-cUow  powder  collects  on  the  surface. 
Grucluully  more  and  more  of  the  powder 
18  formed  and  less  and  less  of  the  metallic 
lead  remains,  until  at  last  all  the  metal  is 
gooc.  Ikfclted  tin,  when  treated  in  the 
same  way,  gives  a  white  powder. 


Fici.  b. 


^ 


Explanation  of  Riiating.  —  The  first 
fact  which  »ccined  to  tlux)w  light  on  the  sub< 
ject  wa*  discovered  by  a  French  ph>-!iiiciBn, 
Jean  Rey  (1630),  who  found  tlittt  the  ru^ls  of  tin  and  lead,  made 
by  heating  and  stirrijig,  were  fteavier  itiuii  the  original  piccca  of 
metal.  He  inferred,  correctly,  tbat  the  additional  nmtcrial  which 
caused  the  increase  in  weight  came  from  the  air.  He  imaitined, 
however,  that  the  rust  was  not  a  new  substance,  but  a  sort  of 
froth,  and  therefore  a  mixture  of  air  with  the  metal.  Other  in- 
vcstiKators,  such  as  Hooke  (1635-1703)  and  particularly  Mayow 
(lOlVtO'O),  in  Euj^itnd,  explained  the  inoreasc  in  weight  by  sup- 
poaing  that  9omc  material  from  the  air  had  combined  wM  the 
metaL  In  other  words,  iron,  for  example,  was  one  substance 
composed  of  iron  only,  and  rust  was  another  substance,  made  by 
union  of  iron  and  a  material  from  the  air,  and  not  a  mere  mixture. 

U  was  Ijomonossov  (17.'30)  who  first  proved  by  an  experiment 
that  the  extra  material  did  come  from  the  air.  He  placed  some 
tin  in  a  flask,  sealed  up  the  mouth  of  the  vessel,  and  weighed  tJie 
whole.     The  Hask  was  then  heated  and  the  tin  was  converted  into 
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the  while  powder.  So  long  as  the  flH»k  remained  neflliKl,  no  change 
in  weif^t  was  found  to  have  occuTR-il.  When  the  mouth  of  the 
flask  wa»  opened,  however,  sotne  air  ru^ihed  iik,  and  the  total 
weight  was  then  found  to  Ix;  greater.  Evidently,  during  the  heat^ 
ing,  a  portion  of  the  original  air  bad  forsakt^n  tl>e  gaseous  condi- 
tion aad  joined  itaelf  to  the  tin  to  form  tlie  powder.  'litis  left  a 
partial  vacuum  in  the  flask,  and  more  air  entered  when  the  tatter 
was  opened.  Eighteen  years  later  the  same  experiment  was  made 
by  Lavoisier,  who  drew  the  same  conclusion,  llie  rusting  of 
other  Rtetals  was  found  to  be  due  to  the  same  cause.  Lavuisier 
named  the  gas,  taken  from  the  air,  oxygen. 

The  conclusion  can  be  oonfirmed  in  various  ways.  For  exjimple, 
when  the  air  is  pumped  out  of  the  flask  before  it  is  scaled,  the  metal 
can  be  boutod  in  tho  vacuum  indefinitely  without  rusting. 


Expffrtment  to  ahotc  the  Mature  o/  Kusting.  —  That  n 
part  of  the  iiir  \»  <ryii8umcd  when  iron  rusts  is  easily  provt-d,  Wc 
moistcD  the  interior  uf  u  test-tube  and  spruikle  some  powdered 
iron  su  thnt  it  covers  and  adhereJi  to  the 
whole  interior  surfuci'.  Wc  then  set  the 
tube  mouth  downwards  in  u  dish  of  water 
(Ilg.  6).  At  fu^t,  the  prcMure  of  the  water 
comprcssca  the  air  in  the  lul>e  very  slightly, 
and  the  n'uter  iiaeend»  above  the  mouth  to 
the  cxtt-nt  of  u  small  fraction  of  an  inch 
only.  As  the  moi»t  iron  slowly  rusts,  how- 
ov«r,  the  oxygen  is  gradually  removed,  and 
the  pressure  of  the  atmosphere  outside  slowly 
pushes  the  water  farther  up  the  tiibe.  After  an  hour  or  more,  the 
water  has  ascended  about  one-fifth  of  the  total  distance  towards 
the  top  of  tho  tul)e.  Evidently  part  of  the  air  has  forsaken  the 
ga-seous  condition,  ivud  the  water  bos  been  forced  up  to  take  its 
place.  Imipeetiwi  now  .^liows  some  reddish  particles,  where  rusting 
has  taken  place.  The  rust,  then,  is  uiitde  up  of  a  part  of  the  iron 
xnd  an  of  the  oxygen  that  the  tube  contained. 

Ot  course,  much  of  the  iron  powder  is  still  gray,  and  has  not 
rusted.  The  air  in  the  tube  did  not  contain  oxygen  enough  to 
combine  with  all  the  iron.  The  iron  that  remains  is  as  little  ablo 
to  rati  in  the  rt^niaiuing  giks  as  in  a  vacuum. 


Fid.  0. 
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Indd^itally  we  learn  from  this  experiment  that  atmo^herio 
air  coataLDS  about  one-fifth  (20  per  cent)  oxygen  by  volume. 
The  remaining  four-fiftim  is  nliiiost  all  mtrogen  (79  per  cent),  a 
substance  which  coinbiut^  with  very  few  materials,  while  tha 
balance  (1  per  oeot)  is  inmle  up  of  gases  which  do  not  enter  into 
oombination  with  an>'  known  substance.  If  lead,  tin,  or  sine 
had  been  heated  in  an  cocloc^cd  volume  of  air,  they  likewise  would 
liave  taken  out  the  20  per  cent  of  oxygen  and  would  have  I^t 

S  other  gases. 
'A*  Late  tff  Chumiral  Changf.  —  The  three  PxampW  of 
ing  show  that  si»>cimi>ris  of  matter  can  lo«e  tlicir  original 
perties  and  acquire  new  ones.  Kince  a  substance  is  "a  spe> 
of  matter,  with  a  con.ftant  set  of  properties,"  we  are  compelled 
to  decide  that,  when  a  inalerial  change*  its  properties,  it  has,  in 
doing  »o,  become  a  neic  sulislanoe.  This  cousiderntion  calls  to 
our  attenUou  thi^  Meond  of  \hc.  ftinclamental  lawi  at  dbnaixtrj, 
namely,  that  tho  maurial  tonnins  oq«  or  more  jiub*banc«i  (mich  as 

Rxygen  and  iron),  wiih<iiii  <-r;i8irig  to  ixift,  maj  ba  chanced  lute 
aa  or  mora  «ntlret;  dlScrent  subslanc«i.     Sui^h  a  change  is  called 
a  chsmical  cbanf  e,  or  action,  or  int«ra«Uoii,  or  rMCttoiL  | 

The  commoner  kimis  of  chpmical  actions  can  be  di\'ided,  for 
convenience,  into  four  varieties.  We  can  now  define  the  first  of 
these.  J 

FEral  Variety  €^  Chemical  Change:    Combination.  —  In 

of  ruKting,  two  substances  (a  gas  and  a  metal)  came 
to  form  a  tliird  substance  (an  earthy  powder).    Appa> 
ently  two  substances  may  coniv  together  in  two  different  wayx.  i 
I'hey  m»y  form  a  mixture,  in  whtt'h  both  8ul>st.anci.'s  arc  prcsentJ 
and  retain  their  properties,  or  they  miiy  como  together  to  form  V 
subetaiiec  with  difTerent  properties*,     Wicn  two  (or  mora) 
rnbttaacM  unit*  to  form  ona  lubatanoo,  the  ehange  is  called  cheiU' 
ical  comUnation  ur  union.     The  product  is  called  a  compound 
lubstanca. 

We  are  very  careful  never  to  speak  of  a  compound  sulwtanco 

as  a  mixture.     Rust  is  not  a  mixture  of  iron  and  oxygra;  it  show* 

none  of  the  properties  of  either.     Nor  do  we  call  a  mixture  (like 

jamitf*)  a  compound,  or  th«  uiicralion  of  mixing;,  combination  or 
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imion.  TliMe  are  technical  worcU,  in  chemiatry  and,  to  avoid 
oonfufliun,  amy  be  used  ooly  with  due  regard  to  th«ir  technical 
meanings. 

Conatituenta.  —  As  we  hnvc  seen,  we  speak  of  the  subetancea 
in  a  mixture  aa  tlie  conipoucnt«.  When  we  wish  to  refer  to  the 
forms  of  matter  which  arc  ehetnJcally  united  in  a  oompouud,  we 
call  them  the  coiutltu«nts  (Lat.,  standing  Utffdher)  of  the  compound 
substance.     Thus,  iron  and  oxygen  are  the  cucutitueuts  uf  ru»t. 

The  chmiiat  mptrmtm  (p.  3)  the  components  of  a  mixture,  for 
that  is  nil  tluit  is  uccossar>'.  He  lUwntw  the  coiiMituentn  of  a 
compound,  however,  because  Utey  are  bound  together  in  chemical 
combituition. 

The  names  givl^n  to  compounds  are  usually  devised  »o  na  to 
indjeatfi  the  Datun*  of  the  cuustitueuts.  Thus,  iron-rust  is  onde 
of  iron  (or  ft-rric  oxide,  from  l.at,  femtm,  iron).  The  yellowish 
powder  from  lead  is  l4«d  oxide  or  oxide  of  lead,  and  the  while 
powdvr  from  tin  is  oxide  of  tin. 

A  <linrffn*«i  Form  of  Statrment. —  We  may  represent  a 
chemical  combination,  or  indeed  any  kind  of  cl)emical  change,  in  a 
conde-useil  form,  thus: 

Iron  +  Oxygen  ~*  Oxide  of  iron  (ferric  oxide). 

Each  name  stands  for  a  substance.  Two  substances  in  contact 
with  one  another  (mixed),  but  not  united  chi-mically,  are  con- 
nected by  llic  +  sign.  The  tirrow  xhows  where  the  chemical 
change  comes  in,  and  the  direction  of  the  change.  We  read  the 
statement  thus:  Iron  and  ox>-gcn  brought  togethiT  under  suitable 
conditions  undeigo  chemical  change  into  oxide  uf  iron,  called  also 
ferric  oxide.    Similarly  we  may  write: 

Lead  +  Oxygen  -*  Oxide  of  lead. 
Tin  +  Oxygen  — *  Oxide  of  tin. 

The  Incretu*  in  Weight  in  Rusting.  —  As  we  have  seen, 
the  proceea  of  rusting  is  aocompanied  by  a  alow  increa»e  in  the 
weight  of  the  fiolid,  due  to  the  grmlual  addition  of  oxygen  to  the 
metal.  Now,  this  increase  in  weight  wases  of  its  own  aecord, 
when  a  certain  maximum  has  been  reached.     This  occurs  when 
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last  pttrtii-kt4  of  the  metal  have  disappeared.  Thus,  tbe  lead 
gains  in  weight  untU  «vcr>-  100  ports  of  the  metal  hi\c  E^iiied  7.72 
partH  of  oxygen,  and  tlie  tin  until  every  100  parts  liavo  gained 
28.9  partA  of  oxygen.  Wlien  tliwto  iucrejiscs  liave  occurred,  the 
metal  ia  found  to  have  )k«u  all  u»ed  up,  and  prolonged  heuting 
and  atirring  cau»c  no  further  uoioii  with  oxygeii  and  no  further 
duuige  in  weight.  Thio  fact,  that  each  xiihi^nee  limits  itself 
of  its  own  acconl  to  combining  with  a  fixed  proiwrtioii  of  the  other 
substance,  in  fonning  a  given  compound,  in  one  of  the  most  strik- 
ing facts  about  ehemical  combination.  In  mixtiirett,  any  propor- 
tions chosen  hy  the  experimenter  may  be  U8e<).  In  ehcmieal 
union,  the  experimenter  has  no  choice;  the  proportions  are  de- 
termined by  the  subfitancejt  themselves.  Thus,  100  parts  of  iroo 
when  turning  into  ordinary  red  rust  take  up  43  parts  of  oxygfio, 
no  more  and  no  lees. 

This  fact  enables  us  to  make  our  condensed  statements  mnr« 
specific  and  complete  by  including  in  them  tbe  proportions  hy 
weight  used  in  the  chemical  change: 

Ek        Iron  (100)   +  Oxygen  (43)     -.Ferric  oxide  (143). 
I        Lead  (100)  +  Oxj-gcn  (7.72)  —  Oxide  of  lead  (107.72). 
I 


The  following  numbeis,  which  represent  the  tame  proportiont 
hy  wui^t,  are  the  ones  conmjonly  used  bj'  chemists: 

Iron  (111.68)  -i-  Oxygen  (48)  -*  Ferric  oxide  (IS9.68). 


Sumnuiry.  —  Thus  far,  we  have  Icamod  that  chemistry  deals 
'with  suljBtanccs  !tnd  their  physiciil  properties,  and  with  the  changes 
which  substances  UD<lergo.  We  have  discussed  and  defined  a 
number  of  important  words  expressing  fundnmcmtal  chemical 
ideas.  Finally,  wo  have  touched  upon  the  ^^Tights  of  the  ma- 
terials used  in  chemical  chiuige,  u  sul>ject  of  great  importance 
1  will  be  more  fu%  developed  in  a  later  chapter. 


Ex«rriMi»,  —  1.  Take  one  by  one  the  words  or  phrase.»  printed 
"In  black  tjTx-  and  the  titles  of  the  sections  in  this  chapter,  and 
ideavor  to  recollect  what  you  have  read  about  each.    In  each 
try,  (a)  to  rccjiU  the  mconiug  and  to  state  it  in  your  own 
Drds:  (b)  to  recall  the  facts  associated  with,  and  the  reoaoiiiiig , 
lead  up  to  the  point  in  question;    (c)  to  recall  exampliMri 
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iDusttsting  the  coooeption  and  to  appl>'  the  conceptioii  in  detail 
to  eacb  example.  Wheoerer  maaory  fails  to  give  a  perfectly 
clear  report  of  the  matter  in  hand,  tbe  text  most  be  read  and 
re-read  untfl  tbe  essential  point  can  be  repeated  &om  memcxy. 

Use  tbe  same  method  to  aD  future  chapters.  A  useful  prac- 
tice is  to  emi^y  a  pencil  as  you  read  and  to  undoline  sj'stemati- 
cally  aD  the  imptnlant  facts  and  statements,  and  then  to  go  back 
and  apfdy  to  eacb  marked  jAaoe  tbe  proces  described  above. 

2.  Define  the  fi^owing  terma:  Specific  giavity,  tenacity,  rndt- 
ing-point,  specific  physical  property,  pure  body,  vacuum. 

3.  Is  it  logical  to  say  "pure  subetanoe?" 

4.  Why  ck>  we  decide  that  granite  is  a  miztuie  and  iron  a 
angle  substance? 

5.  Do  tbe  statements  in  tbe  text  indicate  that  air  is  a  mixture 
or  a  c(»Qpound? 

6.  What  wd^t  (A  oxy^ia  would  be  required  to  conral  25 
grams  of  lead  into  odde  of  lead? 

7.  Make  a  list  of  the  technical  wmds  we  have  defined,  and  [dace 
tbe  definition  opposite  to  each. 

8.  Wbat  wei^t  <rf  tin  would  be  contained  in  15  grams  of  oxide 
<tf  tin? 

9.  If  any  c^  the  following  are  mixtures,  mention  tbe  facts  which 
show  them  to  contain  more  than  one  substance:  (a)  muddy  w&ia, 
(6)  an  egg,  (c)  milk. 

10.  In  recognizing  a  specimen  to  be  quartz,  does  the  chonist 
consider  (a)  the  weight,  (b)  the  temperature,  (c)  the  length  of  tbe 
specimen?     If  not,  why  not? 

11.  Give  a  list  of  tbe  specific  properties  mentioned  in  this 
chapter. 


CHAPTKR  II 

CHEMICAL  CHAMOK  AND  THE  UZTHODS  OF 
8TUDYXHO  IT 

We  muAt  now  tAk(>  up  two  new  examplea  of  ohonktcal  chauge. 
Iiey  will  aid  U-t  in  introducing  on<!  or  two  additional  conceptioDR 
'  and  laws.     These  are  continually  used  by  the  chemist,  and  without 
thcji)  we  cannot  begin  the  systematic  study  of  the  science. 

Another   Case  of  Combhtatiom    Iron   and  Sulphur. — 

,Sinpe  oxygen  is  an  invisible  gas,  there  ia  a  alight  difficulty  in  real- 
izing that  rusting  consista  in  the  union  of  two  substances  —  this 
hgfia  and  a  metal.  The  present  example  is  less  intercstmg  histori- 
I  eally,  but  it  is  simpler  Iwcause  both  Bubstaaces  are  vnsible  and  are 
easily  handled.  The  case  of  iron  and  sulphur  will  enable  us  to 
illustrate  the  same  point  of  view  and  to  practice  the  application 
of  the  same  technical  words.  It  will  also  introduce  us  to  two 
manipulations  —  filtration  and  evaporation  —  which  are  fre- 
quently used  by  the  chemist. 

We  begin  by  obser^-ing  the  physical  properties  of  the  two  sub- 
rBtonces.  Those  of  iron  have  ainrady  been  noted  (pp.  1-2).*  Sul- 
|phur  is  a  pale-yellow  substance  of  low  specific  gra\-ity  (sp.  gr.  2). 
I  It  is  easily  melted  (m.-p.  112.8*  C).  It  docs  not  dissolve  in  water 
—  that  is,  it  docs  not  mix  coiiiplct^>ly  with  and  disappear  iu  u'at^T, 
as  sugar  does  on  stirring.  It  docJi  dissolve  rcadil}'  in  v&rbon 
disulphide,  liowcver.  It  cr^-stwllijscs  in  rhomlMC  forms  (Fig.  7). 
It  is  not  atlrarted  by  «  magnet. 

Re/cRoees  bi  previous  p«4p»  am  used  in  order  to  savv  oeedlMs  repetilion 
in  wiitiiig.  The  baginoiT  n^iuircB  eudloa  i^iwlition  iti  liui  muliuK,  llu««ver, 
and  must/ormlAc  Itahiloi  examining,  in  oonjunolion  with  tliccuncnt  Uxl,  Iba 
parts  reforml  to.  Thtr  pateagw  citi^d  ar«,  by  the  rcrereooe,  TTtadt  jiati  of  tht 
Rimml  Itxi,  wbitli  will  tunialljr  not  be  clou  witbnut  tluun.  Tlie  tnmr  rcnuuk 
ftpplics  to  toplM  referred  to  by  BMDe.  Such  topim  miMt  bn  winght  in  the  index. 
AH  tcmw,  wmd  Mpecially  ihose  tiorromed  from  pliyuos,  if  not  perfectly 
fuuiliv,  must  br  looked  up  in  a  work  on  phyidis  or  in  n  didianary. 
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Study  qf  the  ^fixlure,  b^ore   Conthtnalion.  —  Now,  if 
pomp  iron  lilinf^  and  pulverized  tmlphur  are  stirred  together  in  a 
mortar,  the  result  is  a  mixture.     True,  the  color  is  not  that  of 
either  substance,  but  with  a  lens  particlea 
of  both  subetancGS  c&n  be  seen.     Fasfling  a 
magnet  over  the  mixture  will  easily  remove 
a  part  of  the  iron,  and  with  the  help  of  a  lens 
and  a  needle  the  mixture  can  be  picked  apart 
particle  by  particle,  completely.   We  ean  Bop- 
■ntfl  the  cornponois  of  the  mixture  more  cx- 
^'^  '•  pcditiously,  however,  by  using  manipulations 

based  upon  i-ertnin  luitablfl  propartlQi.  Thus,  sulphur  dissolves  in 
carbon  disulphide  while  iron  d<x'j*  not.  If,  there- 
fore, a  part  of  the  mixture  is  |>Jiwed  in  a  dry  t««t* 
tube  along  with  some  earlwn  di-tulphide  (Fig:.  8), 
and  is  shaken,  the  liquid  dissolve*  the  sulphur 
and  leaves  the  iron.  To  complete  the  Bepara- 
tion,  the  iron  must  be  reninved  from  the  liquid 
by  filtration,  and  the  sulpliur  recovered  by  evap- 
oration of  the  carbon  disutphide. 

Filtration.  —  Iron,  or  any  solid,  when  it  is  ^- * 

mixed  with  a  liquid  or  with  a  solution  (like  the  solution  of  sulphur 

in  carbon  disulpbide)  is  said  to  be  bus- 
p«iid«d  in  the  liquid.  If  tht-  solid  is  one 
that  settles  rapidly,  the  licjuid  may  bo 
scparat'od  from  the  sohd,  in  a  rough 
way,  by  pouring  off  A8  much  of  the  clear, 
Kuperniitnnt  liquid  as  pog«ble.  Tliis  is 
called  d«oant«tioa. 

A  complete  separation  is  effected  by 
pouring  the  mbcture  on  to  a  cone  of 
filter  paper  8iipport«d  in  a  glass  funiid 
(Fig.  9).  The  liq\iid,  together  with 
anything  that  may  be  dissolved  in  it, 
runs  through  the  pores  of  the  paper  and 
down  the  hollow  strPm  of  the  fimnel.  The  liquid  is  then  called  the 
filtrate.  The  |Mirticle«  of  the  suspended  solid  arc  too  large  to  pa-w 
through  the  pores,  and  so  collect  on  the  surface  of  the  filter  paper. 


I 
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^FTlue  operalioi],  like  cvei^'tluog  the  chemist  does,  lakes  advantage 
"     of  tiu!  physicul  properties!  of  the  various  mati>rials. 
I  The  material  nMiiatning  on  the  paper  (the  iMidoa),  when  dry, 

^     ^i*  wholly  attracttd  hy  a  magnet  aud  eltows  all  the  other  properties 
Hpf  irou. 

^B-  Evaporation.  —To  recover  the  sulphur,  the  solution  iti  carbon 

1^^ dinulphide       the  filtrate  —  is  poured  into  n.  IHHTO-Iain  cvHporv 

ing  dish  (Inflaiiiiiiable!     Keep  tiaines  away).     Wieii  the  vesMJ 

is  8ot  aside,  the  liquid  gradually  paascR  ofT  in  vapor  (i>-vapor«tC8). 

I      Sulphur,  however,  does  not  evaporate  at  room  temt^rature  and 

I      rcuiains  as  a  ruldu*,  in  the  form 

of  crystttla  of  rhombic  outline  in 

le  bottom  of  titt:  dj)<li  (Fig.  10). 

ere,  a^piin,  physical  properties 

ave  been  utilized. 

Since  the  physical  ppoperlies  *"'  '*■ 

oS  two  aubstancea  are  not  changed  by  mixing,  we  ha\'e  thus  used 
the  properties  of  the  iron  and  sulphur  so  as  to  separate  them  once 
more.     The  iron  is  on  the  paper;  the  sulphur  is  in  the  dish. 

Combination  of  Iron  and  Sulphur.  —  Rut  iron  and  sulphur 
e  capable  of  fombining.     If  we  alter  the  eonditions  by  raising 
teniiwratUKr  of  nome  of  the  dry  mixture,  en  we  did  in  caumng^ 
to  rust  rapitlly,  cheniieal  union  sets  in.     ^Vhen  we  place  some 
the  original  mixture  of  iron  and  sulphur  into  a  clean  test-tube 
'and  warm  it,  wc  soon  notiee  a  rather  violent  development  of  heat 
taking  place,  the  ront.ents  l>egin  to  glow,  and  what  appears  to  be  a 
form  of  combustion  spreads  through  the  mass.     The  heating  em- 
ployed at  the  start  falls  far  short  of  accounting  for  the  much 
greater  heat  produced.     When   these  phenomena  have  ceased, 
and  the  tesl-tul»e  has  been  allowed  to  cool,  we  6nd  that  it  now 
contains  a  somewhat  poroiis^looking,  black  solid.     This  material 
is  brittle;  it  is  not  magnetic;  it  does  not  dissolve  in  carbon  di- 
suJphide;    and  close  examination,  even  under  a  microscope,  docs 
not  reveal  the  presence  of  different  kinds  of  matter.     TTiia  aub- 
Btsnoe  is  knonn  to  chemists  as  ferrous  sulphide  and,  as  vnt  sec,  its 
propertiea  are  entirely  different  from  those  of  its  constitucnta. 
In  this  connection  wo  must  not  omit  to  notice  that,  w  in  rusting; 
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a  Certain  fixed  proportion  will  be  iisod  in  forming  the  compound. 
We  find  that,  for  7  parts  of  iron,  almost  exactly  4  partj;  by  weight 
of  sulphur  arc  required.  If  more  irou  is  put  into  the  ori^nal 
mixture,  then  «omtf  unused  iron  will  be  found  in  the  mass  after  the 
action.  If  too  much  sulphur  is  empIo>-ed,  !<ome  may  be  driven  off 
as  vapor  by  the  heat  and  any  that  mnains,  bej-ond  the  correct 
proportion,  can  be  di8!iol\-i<d  out  of  the  ferrous  sulphide  with  car- 
txin  disuiphide.  Tlic  sulphur  which  has  combined  with  the  iron, 
however,  is  no  longer  pr<Ment  as  suljihur  —  it  has  no  longer  the 
properties  of  sulphur,  and  thentfore  cannot  bo  dissolved  out: 
Iron  (55.W)  +  Sulphur  (32.07)  -f  Ferrous  sulphide  (87.91). 

Another  llhutration:  Mercuric  Oxide.  —  It  has  long  been 
known  that  air  contains  an  active  and  an  inactive  gas.  The 
Chinese  called  them  yin  and  yang,  respectively.  Mayow  (1643- 
1679)  diowed  that  the  acti\-e  gas  caused  rusting,  that  it  wjis 
absorlicd  by  paint  (rwally  by  the  UnBccd  oil)  in  '"drying,"  that  it 
supported  combustion  of  wood  and  sulphur,  and  that  it  is  neces> 
8a.ry  to  life,  beJng  absorbed  by  the  blood  from  the  air  enlt^ririg  the 
lungs.     It  was  not  until  1774,  however,  that  a  punr  specimen  of 

Xthi-i  gas  was  obtained,  by  Priestley,  and  wait  rec- 
ognized to  be  a  special  Idud  of  goa  (UfTerent  from 
ordinarj-  air.  The  g,n»  (later  to  be  named  oxygen) 
was  made  by  I'ritstley  from  mercuric  oxide,  a 
bright  red,  rather  heavy  powder.  When  the  oxide 
is  heated  (Fig.  1 1),  we  find  that  a  gas  is  given  oS. 
This  gas  is  easily  shown  to  be  different  from  air, 
smoe  a  glowing  splinter  of  wood  is  instantly  re- 
^lo- 11-  lighted  on  being  immersed  in  it.     The  gas  is  pure 

ox>'gCQ.  During  the  heating,  we  notice  also  that  a  metallic  coating 
ap|)ears  on  the  sides  of  the  tube,  in  the  form  of  a  sort  of  mirror. 
Apparently  the  vapor  of  some  metal  is  coming  off  with  the  oxj'gen 
and  condensing  on  the  cool  partA  of  the  tube.  As  this  shining  sub- 
stance accumulates  it  takes  the  form  of  globules,  which  may  be 
scraped  together.  It  is,  in  fact,  the  metal  mercury,  or  quicksil%-er. 
If  the  heating  continues  long  enough,  the  whole  of  the  red  powder 
eventually  disappears,  and  is  converted  into  these  two  producUt. 

Srcond  yariety  of  Chemiaal  Change:    IJecofn/xMition. — 

Priestley's  experiment  introduces  to  us  a  second,  and  very  common 
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lid  of  cbcmit'iil  ai^'tioii.     The  fint  vnriciy  was  combinutioii  or 

tunion  (p.  7).     Tlic  SMoad  in  vailed  d*composJtIoti.     It  coiuusts  in 

[Btartiiig  with  a  single  substnitca  Oicre  mon-urit'  uxidi^')  nDdq>UtUng 

It  Into  two  (or  mor*}  substftnc**,  which  dilTvr  in  properties  rruiii  the 

Mub»tunc«  Uikcti  and  from  one  another.     Here,  the  red  powder 

gave  mercury,  »  licpjid  tncUil,  und  oxygen,  a  colorless  gas. 


Simpie  and  Compound  Sttbatane^a.  —  We  have  seen  that 
(or  more)  »iibfitutirc»,  Uke  leud  and  oxygen,  can  cunibino  to 
a  compound  su)>^anve.  Arc  ull  subMtnneeK,  then,  com- 
pounds? We  find  thjil  some  arc  not.  We  haw  never  succecde<i 
,  in  obtaining  lead,  or  oxygen,  or  iron,  or  tin,  or  sulphur  liy  com- 
ining  any  In-o  substances.  Wc  can  decompose  mercuric  oxide 
ly  heat,  and  we  have  other  ways  of  decomposing  compounds  like 
ixide  of  tin  and  ferrous  sulphide,  but  we  Imve  never  succeedeti  in 
decomposing  the  mercury  or  the  oxygen,  the  iron  or  tho  milphur 
thciiwlveji.  SubxtajiCfl*  which  we  ors  not  abl«,  kt  wiU,  to  d«coiiipo>« 
'Into,  ov  to  m^e  bj  cbeinical  unJon  from,  oth«r  Bubstances  are  railed 
■impU  or  elementAry  lubitanoM.  The  distinction  l>etween  eiimple 
,  and  com[)oun<l  iiub.ttances  nua  fir»t  drawn  by  Lomonossov  in  1741. 
valer,  and  independently,  it  was  stated  very  clearly  by  I^voiner 
(1789). 

Several  substances,  regarded  in  I^ivoisier's  time  a»  elementary, 
have  aince  been  shown  to  be  compounds.  Thus,  quicklime  waa  a 
siniple  foibstanoe  until  Da^-y,  in  180S,  prepared  the  metal  calcium 
and  showed  that  quicklime  was  the  oxide  of  this  metal.  Hence, 
we  do  not  say  that  the  subetances  regarded  aa  simple  cannot  be 
decomposed,  but  only  that  they  arc  sulistances  which  we  "are  not 
ble"  {at  present)  to  decompose. 

The  phraee  "at  will"  is  also  important.    Radium  (q.v.*)  cannot 
decompoDed  at  will,  but  it  undcrgocf^  continuous  "disintegra- 
producing  the  elements  helium  and  lead.     We  can  neith^ 
liasten,  retard,  nor  stop  this  spontaneous  decomposition. 

The   highly  interesting  experiments   of  Collie,    Pateraon,   and 
Maamn  {Chemical  Society,  London,  Annual  Report,  1914,  pp-  41- 
7)  fleem  to  show  that  the  elements  helium  and  neon  can  be  pro- 

*  CaBliaetion  for  i/uod  Mr,  wtiir-h  nw.    This  Ahbrriintiaii  in  lunl  wiirn 
bjtwta  not  y«t  diseuMcd  are  meationi^.    Fur  auoh  eubjw.to,  conmilt  tha 
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duwrd  by  i4ectricaj  diMfaargm  in  vseuum  tubes  aad  even  in 
clostxl  lubo  i'ummn'img  thn  \-acuiun  tube.  Before  long,  there- 
fore, the  (Iccumpuaitiou  of  cIciaeotar>"  subtttances,  and  the  forma- 
tion of  sooie  dcuM-iits  from  others,  at  irii/,  may  be  a  ncrognixed 
possibility,  aod  tbc  fon^oiug  (Ic&ution  muy  have  to  be  radically 
teviaed. 

B9tnmt».  —  The  woni  okmmt  is  used  in  two  senses.  It  is 
ai^ilied  to  tlxr  siuitrie  substaiirc.  Tliiu  \vv  spvtik  uf  "tho  element 
iron,"  meiuUDS  the  mutal  imn.  It  t*  Applied  ubo  to  the  irou- 
niAttef  contained  in  fvm>ua  sulphide  or  in  ferrie  oxide.  The 
reaiicr  should  note  that  it  is  oorrect  uaaffe  to  speak  of  the  elemrtU 
iron  ant)  tlw  thmtni  sulphur  in  ferrous  sulphide,  bnt  a  rliemist 
would  oever  86ky  that  this  compound  contained  the  gimpk  avb- 
ekmeea  iron  and  sulphur.  If  he  did.  we  should  understand  him  to 
ntnui  that  it  was  a  mixture,  and  we  should  expect  parts  of  the 
niatexial  to  be  magnetic  like  iron,  and  other  parts  to  be  yellow  and 
noluliki  iu  rarbon  disutphide,  which  is  not  the  case.  In  the  same 
w»y  the  iMMM  of  an  element  (such  as  iron)  is  applied  both  to 
the  inal«rial  in  eombinatton  and  to  the  free  milistancc.  Thus 
''iron"  maj-  mean  free,  uncombinod,  metallic  iron,  or  iron-matter 
iu  iMUue  eompouiid.  The  sense  in  which  the  word  is  employed 
must  be  ioferrod  from  the  context  or  ctrcumatanees.  When  a 
rheiitiKt  speaks,  as  l>e  someliiitos  due.s,  collotiuially,  of  "iron"  in  a 
liriiiluiig  wal*T,  for  example,  ive  know  at  onoe  tlm(  he  refers  to 
irun  in  the  form  of  some  compound,  for  metallic  iron  does  not 
disstihv  in  water  and,  if  it  did,  would  quickly  turn  into  rust  or 
Muno  other  form  of  combination. 

live  wi>r\l  alMDCot,  tJien,  moans  one  ot  tlis  tin^ilo  fonni  ot 
BUM«r.  sttlur  tno  or  In  combination. 

In  fonn«ll,v  describing  a  body  or  specimen,  the  chemist  always 
avoiils  the  Mobiguity  just  referred  to  by  naming  the  eamponenU, 
i.e.,  tl>e  substance  or  aubstances  it  contains.  He  assumes  that  the 
Uaturv  aiKl  constituents  of  these  substances  n-ill  bo  known  to  any- 
one hearing  or  reading  the  description.  If  he  says  the  body  oon- 
taina  line  and  sulphur,  it  is  understood  that  the  body  is  a  mixture 
of  those  flimiilc  substance*.  If  it  contained  these  elements  in 
oonitunation,  the  chemist  would  report  that  it  was  sulphide  of 
tiws 
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I   The   Common   Elements.  —  Thousaads  of  different  com- 
Bound  aubtitanccs  an.-  known  but,  when  tbey  are  decomposed,  it  is 
^ound  that  thp  number  of  dtfferODt  elemenU  contained  in  them  i^ 
not  greiit.    Dozons  of  subetancca  contain  iron,  hundreds  contain' 
sulphur,   thouHandM  eontiiin  oxygca.     In  fact,  by  combining  a 
litcd  numlKT  of  siiupl«  (iub«tauccs,  two,  three,  or  four,  together, 
var>-ing  proportions  by  weight,  an  almost  unlimited  number  of 
fcrcnl  compound  substances  could  be  produced. 
A  lint  of  the  cle!n«iit8  appears  on  the  inside  of  the  cover,  at  the 
end  of  this  book,  and  contains  about  eighty  names.    Of  these,  a 
largo  quiuKt  are  rare,  and  stddom  encountered.     More  than  90J 
per  cent  of  terrestrial  material  is  made  up  of  etghtoon  or  tweat^ 
elements  and  their  compounds.    Only  about  twenty  domcnta 
ecur  in  nature  in  their  nimplc,  uncotnbiued  condition.    Three*  i 
1  of  the  whole  niiml)cr  are  found  in  combination  exclusively  J 
id  must  be  liberated  by  some  chenucal  action. 
Taking  the  atmosphere,  all  terrestrial  waters,  and  the  earth's 
jBt,  so  far  as  it  has  been  examined,  F.  W.  Clarke  has  estimated 
"the  pleiitifuln««  of  the  vfirious  elcmentj!.     The  first  twelve,  with. 
_the  quantity  of  esich  contained  in  one  hundred  parts  of  turrestrialj 
»tt«',  and  constituting  together  99  per  cent,  are  as  follows:         \ 

Oxygpa  .   .    .  «  Sa  CAlcium    ....  3.18  Ityiirojien  .  .  0.97 

f&ticDU   .  .   .  20.03  Sodluin 3.33  Tilitmiun  .  .  0.11 

AluBunium    .     7.2S  PoUutntiin.    .    .    .  S.33  ChloriiM .  .  .  0.30 

Iran   ....     4.12  UagoeHum  .   .    .  2.11  Culion    .  .  .  O.IS 

lus  030'gcn  accounts  for  nearly  one-half  of  the  whole  mass, 
iilieon,  the  oxide  of  which  when  pure  is  quartz  and  in  le:S8  pure 
fonn  eonstitutts  ordinary  .sand,  miikes  up  hidf  of  the  rcmninder.  J 
Valuable  and  useful  elem(?nt«,  likfi  golii,  silver,  .lulpliur,  and  mer-' 
cury,  are  among  the  less  plentiful  which,  all  taken  together,  furnish 
I  remaining  ooc  per  cent.  j 

Law  of  Dtfinile  Proportions.  —  In  the  decomposition  of 
ercuric  oxide  (p.  14)  we  fijid  that,  for  every  100  parts  of  mercury 
liberated,  almost  8  parts  of  oxygen  (more  exactly,  7.97  parts)  by 
weight  arc  set  free.  Using  the  numbers  commonly  employed  in 
chemistry,  which  represent  the  same  proportion  by  weight: 

Bfcreoric  oxide  (216.6)  -.Mercury  (200.6)  +  Oxygen  (16).       I 
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Wu  find  abo  that  inorcury  And  ox>')ten  can  be  nuwle  to  combine  to 
form  mtTcurio  oxuk*,  and  liie  proportioos  by  n-i>ij(bt  required  are 
the  Munc.  Morcowr,  overy  sample  of  mercuric  oxide,  whether 
made  by  combiiiHUoo,  or  in  any  of  the  othej-  possible  ways,  always 
contains  this  proportion  of  the  tiro  elements.  We  have  already 
Men  ihitt  tlu;  oxidca  of  lead  and  tin  contain  fixed  proportions  (p.  9) 
of  ti>e  metal  and  oxygen  and  that  ferrous  sidphide  ha£  a  constant 
composition  by  weight.  The  same  principle  is  found  to  apply  to 
all  chemical  compounds,  and  is  stated  in  the  law  of  definite  or 
constaAt  proporttona:  la  wnrj  **"r'*  ot  *nv  eompouud  aubitance, 
formed  or  dMompOMd.  tli*  prapoTtfon  by  mlfbt  of  the  conatltuent 
•lemeau  ta  alwkjs  tht  unw.  (For  tho  only  known  exception  to 
this  law,  see  radium.) 

Conserration  i^f  Mass.  —  The  most  p^nstaking  chemical 
work  liecnift  to  show  liiat,  if  nil  the  substances  concerned  in  a 
cbcmicul  i-hutigc  ivrc  wfif;!i«l  l>efore  and  after  the  change,  there  ia 
no  evidence  of  any  nlleration  in  the  quantily  (if  matU-r.  The  two 
weights,  rcprc«v>nting  ihe^uniRof  the  constituents  and  of  the  prod- 
ucts, nwpectively,  ate,  indeed,  never  absolutely  identical,  but 
tho  nwre  careful  the  work  and  the  more  delicate  the  instrument 
used  in  ux'i^iing,  the  more  nPArly  do  the  values  approach  identity. 
We  are  aUe  to  state,  therefore,  thiit  the  mass  of  a  system  la  not 
BffMted  hj  KOy  ehcmieal  change  within  the  system. 

niis  st-ateiiieiit  simply  means  that  the  great  law  of  the  conserva- 
tion of  vaam  hoUla  true  in  chemistry  as  it  does  in  physics.  Chemi- 
cal chnage«,  thoroughgoing  as  they  are  in  re.tpect  to  all  other 
qualities,  do  not  aftect  the  mass;  an  element  carries  with  it  its 
weight,  entirely  unchanged,  through  the  moat  complicated  chemi- 
cal transformations. 

Superficial  olwervation,  as  of  a  growing  tree,  might  seem  to  ©ve 
evidence  of  tlie  \'pry  opposite  of  comte-rvation  of  matter.  But 
here  tlie  carbon  dioxide  gaii  in  the  air,  the  most  imjiortant  source 
of  nourUhment  for  plants,  is  overlooked.  Similarly,  tlie  gradual 
disappeanutoc  of  a  candle  by  combustion  seems  to  illustrate  tfas 
destruction  of  matter.  But  if  we  catch  the  gases  which  rise  through 
the  llnme  (Fig-  12),  we  find  that  the  gase-i  weigh  eveji  more  than 
the  part  of  the  candle  which  has  been  sacrificed  in  makiug  them. 
When  we  take  account  of  the  weight  of  the  oxygen  obtained  from 
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the  air  which  suetaiitB  the  combustion,  wc  find  that  there  is  really 
neither  lo«s  nor  gain  in  weight.  If  we  carry  out  chemical  chniiKos 
in  closed  \-c*w;l!!  (Fig.  13),  which  permit  neither  escape  nor  access 
oC  material,  wc  fiuU  ttuit  the  weight  does  not  alter. 


*  ^   cher 


Fin.  \X 


Spet^c  Phyxical  Propvrtie*.  — It  will  be  seen  that,  to  the 
cbctniHt.,  knowing  thi.>  physical!  prupcrtios  of  all  eubatancefi  is  very 
imporlaiit.  By  nieatis  of  the  pruperticw,  he  recofpiizes  and  do- 
scribes  all  thv  Ix)dii5'  h<-  studies.  It  may  be  well,  therefore,  hero 
to  give  a  list  of  \\w  more  important  propcrtifa,  most  of  which  have 
beca  mcntionud  in  coonectioii  witli  the  illustrations  we  ha\'e  used. 

In  thv  c;i.v  of  tollds,  ihi-  oliii-f  pliysical  propertipa  the  chemist 
u«cs  are  color,  ctTttAlUno  form,  •olubUity  or  non-eolubility  m  water 
and  occasiouidly  other  liquids,  the  U.-in[KTuture  at  which  the  sub- 
MtAncc  ntcit^  (msltins-polDt),  and  the  dnuttr. 

In  the  <■»■■«(:  of  Uquidi,  he  notes  the  ti-mpi'nkture  at  which  the 
liquid  buiU  (boUins-polnt),  the  donsity,  tlie  mobllltr,  tlie  odor,  and 
the  color. 

Fiiuilly,  in  the  case  of  wum,  the  propt^rtica  commonly  mcatiooed 
are  the  color,  tB«t«,  lunl  odor,  the  dMUtty,  folubUit;  iti  water,  and 
the  ease  or  difhcully  with  which  the  gas  can  be  Uqu*fi*d. 

Attributea    and    Conditions.  —  There   are   other   qualitie^ 
which  a  liody  nmy  possess  that  we  are  liable  to  confuse  with  tha 
specific  properties.     Thus,  the  weight  of  a  (»ece  of  sulphur  is  not 
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a  property  of  sulphur.  A  hundred  pieces  of  as  many  different 
substanoee  mi^ht  all  have  the  same  weight,  so  that  a  particular 
weight  (say  2  grams)  is  not  a  property  of  any  one  species  of  matter. 
Wclcbt,  dimonslonx,  and  votam»  are  attrlbntM  of  a  bodj.  -They 
have  different  values  for  different  bodies,  even  when  those  bodies 
are  all  composed  of  the  same  substance.  The  attributes  ara 
phj-sical  in  nature.  They  are  of  great  importance  in  chemistry, 
however,  because  they  aSord  th«  only  maanx  we  have  of  measuring 
quantities  ot  aubstances. 

There  are  stil!  other  qualities  which  a  body  (or  specimen  of 
matter)  may  poascse.  It  has,  for  example,  a  certain  temperature, 
prewure  (state  of  compression),  motloa,  or  electric  charge,  and  it 
may  be  In  solution  in  some  liquid.  A  body  may  (rhaiige  in  tem- 
perature, pressure,  or  state  of  electrification,  or  it  may  bo  dissolved 
in  wattfr,  or  be  recovered  by  evaporation  of  tiw  liquid,  and  yet  bo 
the  suiuv  specimen.  A  hundred  specimens  of  an  many  difToreiit 
eubstanres  may  all  have  the  same  tenjperature  —  this  is  not  a 
specific  property.  These  are  all  spoken  of  as  oondltlosi.  They 
are  physical  conditions.  In  chemistry,  conditions  are  often  altered 
in  order  to  bring  about,  or  to  stop  chemical  change,  or  to  modify 
the  speed  "ivith  which  it  takes  place.  Thiw,  we  heated  the  load 
(raised  its  temperaiure)  in  order  to  hasten  the  process  of  rusting. 
If  s  substsnce,  or  mixture,  us  capable  of  undergoing  ordinary 
chemical  change,  then  the  change  is  alwaj's  hastened  by  raising 
the  temperature,  and  is  alw^aj's  delayed  or  prevented  bj'  lowering 
the  tvmperatuTx.-.  Similarly,  changing  the  pressure  in  u  g!ut,  or 
dissolving  a  substance  in  some  liquid,  frvquctntly  hastens  or  de- 
tii>'9  a  chemical  change  in  which  the  mibstance  takes  part.  The 
proptT  plij-siciil  conditions  are,  ther(-fijn.',  con.^idcri'tl  In  connection 
with  ever>'  chemicul  operation.  CoDdltlona  are  ostd  to  modi^ 
cbemlcal  chan^. 

Physics  in  Chemistry.  —  It  will  be  seen  that  one  cannot 
accomplish  anything  in  chemistry  without  acquiring  and  using 
some  knowledge  of  physics.  We  measure  quantities  by  means  of 
the  ph>-eical  attributes,  weight  and  volume.  We  prwluce  chemi* 
cal  change  by  arranging  the  phj-sica!  conditions,  for  example,  l»y 
mixing,  heating,  or  using  an  electric  current.  Physical  means  are 
the  only  means  we  possess  for  producing,  stopping,  or  modifying 
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lenucal  changes.    Again,  wv  ascertain  whether  ii  chcmicul  changQ 
taken  pla«e  or  not  by  observing  the  physiciil  propcrUcs  of 
the  materials  before  an<I  after  the  experiment.    Thus,  wc  noted 
that  the  red,  powdery  oxide  of  nicreur>',  when  heated,  gave  a 
liquid  OMitAl  and  a  gas.     All  tlie  phenomena  of  cliemistry  are 
I      physical.     A  phenomenon  ia  literally  something  that  is  «cti  or, 
more  generally,  something  that  affects  any  of  the  senses.    Observ- 
ing ph>-sicBl  phenomena  is,  therefore,  our  sole  means  of  studying 
I      chemical  changes,     ('hemical  work  is,  in  fact,  entirely  dependent 
^^  upon  the  skilful  use  of  physical  agencies,  and  upon  tlie  dose  oltscr 
^■vation  qS  physical  phenomena  for  its  success. 
^M     It  is  only  the  inference,  following  the  experiment  and  the  ohser- 
^Pvation,  that  ia  strictly  chemical.     If  one  substance  gives  two 
'      different  gubstanoes,  or  if  two  substances  give  one  different  suIj- 
^stance,  for  example,  wc  infer  that  &  chemical  change  has  occurred. 
/c  then  try  to  recognize  the  subtitauccs  by  their  properties  and 
ime  them. 

Changes  like  that  of  ice  into  water,  or  of  water  into  steam,  and 
I  versa,  arc  not  regarded  as  chemical  cliangiw.     These  are  called 
I  of  Stat*,  or  of  state  of  aggri-gtition.     The  soUd,  liquid,  and 
lus  forms  are  diffcrutit  states  of  tlic  vaimc  mibstance. 

Laic:  Explanation:  Scientific  Method.  —  There  is  a 
widely  spread  impression  that  «  scienct,  like  cheniiatry,  is  a  part  of 
the  natural  order  of  the  universe.  It  in  thought  tliut  wc  arc  try-  ■ 
ing  to  find  the  boundaries  of  chemistry,  as  they  have  been  pr&> 
deternuncd  by  nature,  and  to  discover  the  facta,  relations  of 
facts,  and  law*  whiirh  n.*iture  has  provided  as  a  means  of  classifying 
the  content  uf  Die  ^^I'icnce.  Now,  the  situation  is  precisely  the 
reverse  of  ttus.  Nnture  provides  only  the  materials  and  the  pho- 
Domena,  and  vian  is  attempting  to  classify  them.  He  divides  the 
whole  into  groups,  such  as  physiw,  chejnistry,  Ixitany,  etc.  Then 
he  daaaifics  the  facts  within  each  group,  in  order  that  he  may 
nton  fMisily  rcniemlier  them  and  perceive  their  relations.  Ho 
often  finds  that,  when  new  facia  are  discovered,  parts  of  the 
daasifieation  ha\'e  to  be  changed.  Thus,  as  we  have  just  seen, 
^ebaogcs  of  stale  are  usually  assigned  to  ph^-sics,  but  Ostwakl  at 
nc  time  suggested  that  they  should  be  considered  as  chemical 
Qomeita. 
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In  the  prc«e<ling  pdijusa,  w«  liaw  dUcuswd  miiiv  of  the  n-aj-s  thut 
have  been  invcjitnil  for  i^aKtifying  the  maUrials  and  facts  iissigucd 
fi!icn)i»tr>'.    Tbiis,  w«  pick  out  n  nuntlxtr  of  fActs  of  a  like 

iiure  and  try  to  make  a  single  stati'iiiout  wliicli  will  cover  ull 
these  facts.  For  pxample,  we  find  atwut  one  Imndred  lliou-tand 
different  subotAuocs  aiui,  in  the  ease  r>f  each  nubntance,  wery  Jtpon- 
imtn  that  we  have  examined  contains  the  same  jiroporlioiis  of 
the  constituent  elements.  I^n  wo  formulate  the  law  of  roiisiatit. 
proportions.  A  law  or  fCQeraUsaUoa  in  chemistry  is  a  brief  stat«- 
ment  descrlbinc  »om«  Kon«ral  fact  or  constant  mode  of  behatior. 
We  must  rcm*'mlx-r.  howeser,  tiiat  I»w>  are  only  true  ao  long  u  no 
facta  In  confilcC  with  them  are  known.  There  are  no  laws  in  nature. 
Nature  presents  malcrnils  and  phcnomoQa  as  she  pleaaca.  The 
lawH  are  part«  uf  aciVnce,  which  a  made  by  tnan,  and  is  a  deacription 
of  niiturul  fActs  as  man  knows  tbcm.  Aa  we  hu\-e  aeen  (p.  18), 
at  least  uoc  undoubt^xl  exception  lo  the  law  of  coniitaDt  propor- 
tions has  recently  (1014)  t>een  discovered,  and  other  exceptioiu  to 
thia  law  will  undoubtedly  present  themselves. 

One  section  (p.  5)  was  entitled:  "Biqilanatlon  of  rusting." 
If  that  paragraph  be  now  re-rend,  it  \Till  lie  found  that,  in  the 
ordbary  (as  distiDct  from  the  scientific)  sense  of  the  word,  no 
explanation  waa  givenl  Wlicn  we  ask  a  man  to  "explain"  some 
feature  in  his  conduct,  wc  ret-ogniie  that  he  mi^t  have  chosen  to 
act  otherwise,  and  we  wi*li  to  know  why  he  acted  precisely  as  he 
did.  Nature,  however,  ha.s  no  free  will,  and  cannot  tell  why  she 
prv«ent8  ocrtain  phenoraeua,  and  not  othent. 

On  examining  the  explanation,  wc  find  that  it  simply  shows 
that  when  iron  rusts  it  combines  witli  oxygen  from  the  air.  This 
18  an  nd<litional  fact.  It  shon's  hmo  iron  rusts,  namely  by  taking 
up  oxygen,  but  not  why  it  is  able  to  unite  with  oxygen.  We 
simply  ilo  not  know  why  iron  can  combine  with  uxj'gen  giis  and 
platinum  cannot. 

Explanations  in  chemistry  are  of  three  kinda.  (1)  We  tMuatly 
try  to  show  thut  the  phenomenon  is  not  an  isolated  one.  Thus, 
we  show  that  other  metals  rust.  This  reconciles  us  to  some  ex- 
tent to  the  fact  that  iron  rusts,  and  we  feel  some  mental  satisfac- 
tion. This  is  the  method  of  sbowlng  that  the  tact  to  be  explained 
Is  a  member  of  a  tarse  class  of  slralla;  facts.  (2)  Next,  w*  try  to  K«t 
mora  Information  about  the  fact  to  b«  eiplainad.     Thus,  wbcu,  to  the 
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acquaintantic  with  the  outwnnl  luauifcxtalioiu  uf  rusting,  we  add 
ihe  furtbvr  infornuttion  thut  tbvrc  lit  a.n  iiicniisL-  in  weight,  and 
that  tilts  is  due  to  union  of  oxygvii  from  Ibu  air  with  Ihc  iron,  we^ 
feci  io>:reuJr(.-d  Kutlsfiiction,  uiid  tuy  ihiit  the  (net  has  been  "ex-' 
plained."  (3)  If  wc  are  atill  di»sutiaficd,  and  can  discover  no 
further  ui»-ritl  ttwts,  wa  linj«inii  »  stata  of  affain  which.  It  tru*i 
would  classify  tlia  fact  or  add  to  what  w*  teow  about  it.  This  step 
we  call  explitiiiiiig  by  means  uf  itii  brpothosis.  Wv  then  dvvutv 
our  attention  to  trying  to  verify  the  hypothesis. 

The  foruiulution  of  law»  and  th«  making  of  nttompts  to  exi^lain 
facts  are  part  of  what  iscjdied  theaoiontlfic  mothod.  The  puriiuso 
of  this  method  is  to  coiiv<'rt  thi^  siibjifl  iimttiT  into  a  soigiica.  Unit 
is,  into  an  organiced  body  of  knowledgfl. 


»• 


Summary.  —  In  this  chapter  we  have  learned:  (I)  that, 
wliDe  there  are  many  suhstnncps,  there  is  a  Uinited  number  uS 
entirely  difTcrent  kinfis  of  mattej-  (elemental);  (2)  that,  in  ailthtion 
to  constjuit  physical  propertiea,  <tach  substance  ha^s  a  conAtont 
composition  by  woiRht.  We  have  also  leamoti  that  phj-sieal. 
properties  are  titihzed  in  nianipiilations,  hke  filtration  and  evap-1 
oration,  as  well  as  for  identifying  substances,  and  that  physical 
aftrihutca  are  used  for  measuring  quantities  in  chemistry  and 
physical  conditions  for  guiding  chemical  change.  Finally,  we 
have  avosn  that  a  science  is  not  a  natural,  but  a  manufactured 
product,  and  that  the  science  of  chemistry  is  still  in  the 
making. 


w. 


Exrrci»ea.*~l.  What  phyidcal  properties  arc  used  (u)  in 
filtration,  (fr)  in  evaporation,  (c)  in  the  separation  and  identifica- 
tion of  the  products  from  heuthig  mercuric  oxide  (p.  14)? 

2.  Describe:  (a)  a  red-hot  rod  of  iron,  10  cm.  long  by  I  cm, 
dijiineter,  weighing  58.5  g.;  (6)  a  solution  of  5  g.  of  sulphur  m 
20  c.c.  (!i9  g.)  of  carbon  dJsulphidc  at  18**  C.  In  doing  so,  djvid» 
Uie  description  into  attribute*,  conditions,  and  properties. 


'  Tlie  excreiMa  iihauld  in  uU  caacA  bv  studit-d  with  iiiiuut«  cam.    They  nut 
Olifjr  MTTP  as  t«SU  to  ihow  tiint  llic  chaplia'  luu  brrn  uiidcratond,  but  vcry^ 
freqiMntlr  (m  in  .Vo.  4)  ulfo  c.iU  Attention  to  idotu  which  raiitht  not  be  ao- 
qairatl  froin  the  t«xt  nloni.-,  ur  (as  in  N<w.  I,  2,  S)  aaaist  in  rliiciiUtlng  idntia 
giren  in  tbe  t«xt  which,  without  the  cxercivn*,  miglit  not  he  fully  grMpcd. 
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connectioo  between  it  and  the  atr!  Bayen  (Apr.,  1774)  was  the 
first  to  make  it  by  bciiting  mercuric  oxide.  Priestley  (Aug.  1, 
1774)  uuule  it  by  heating  the  »aine  aubatance  and  quite  piirpoae- 
Icssly,  an  he  admits,  thrust  a  lighted  candle  into  it  and  was  de- 
lighted with  tht>  oxtrcme  brilliance  of  the  (lame.  He  had,  however, 
entirely  incorrct-t  ideas  about  its  nature,  and  no  notion  until  a 
yenr  later  that  it  was  a  component  of  the  air.  Sohecle,  a  Swediah 
apothecary,  had  made  it  in  1771-2  from  no  less  than  seven  different 
aulHtances  and  understood  clearly  that  atmospheric  oxygen  com- 
bined with  mctiUM,  phosphorus,  hydrogen,  Unseed  oil  and  many 
other  substances.  But  the  publisher  did  not  got  his  book  out 
until  1777,  and  Priestley  is  usually  credited  with  the  "discovciy" 
of  the  element.  Fiimlly,  Lavoisier  {1777)  heated  mercury  in  a 
retort  (Fig.  H),  the  neck  of  which  projected  into  a.  jar  standing 
in  a  laraer  dish  of  mercury.  The  air,  thus  enclosed  within  the  jar 
and  the  rutort,  during  twelve  dftya  lost 
one-fifth  of  it.'*  volume.  Rimnltaneou.'*ly, 
rod  pnrtielcs  of  mercuric  oxide  accumu- 
lated on  the  surface  of  the  me.rcury  in  the 
retort.  The  retidual  gas,  nitrogen,  no 
longer  fliipjiorted  life  or  eoinbustion.  The 
oxide,  on  toeing  heated  more  strongly,  by 
itself,  gave  off  a  gas  whose  volume  exactly 
OOmspoadcd  with  the  shrinkage  undergone  by  the  enclosed  air, 
and  this  gas  pos.scaaed  in  an  exaggerated  degree  the  properties 
which  the  air  ha<i  lost.  The  proof  that  oxygen  was  a  component 
of  the  atmosphere  was  therefore  complete.  Later,  Lavoisier,  in 
the  mistaken  belief  that  the  new  clement  was  an  essential  con- 
stituent of  all  sour  substances,  named  it  oiTC«a  {Gk.,acid-prodw«r), 

Ocrurrenc*!.  —  As  we  have  seen,  nearly  50  per  cent  of  terres- 
trial matter  is  oxygen.  Water  contains  about  89  per  cent,  the 
human  body  over  BO  per  cent,  and  common  materials  like  sand- 
stone, limestone,  brick,  and  mortar  more  than  50  per  cent  of  this 
element.  One-fifth  by  volume  (nearly  one-fourth  by  weight)  of 
the  air  is  free  ox>^n. 

Prrparalion  aj  Oxygen, —  1.   The  oxygen  of  commerce  is 
now  made  chiefly  from  Uqu«fiod  aix  {q.e.*).    The  liquid  oxygen 
*  Sw  p.  15,  fixitaotA. 


Fla.  14. 
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ails  «t  — 182.4'',  but  the  nitrogifn  huils  at  on  even  lower  tvmpeni^ 
lure  (— ISK").  Siiici?  the  Itquul  air  liiis  a  Icmpcrnturc  of  about 
— 190°,  somewhat  above  that  of  Ifoiliug  nitrogcu,  the  Uttur 
cvftporat^  much  more  fretrly  than  does  the  oxygen.  After  a 
time,  when  the  remaining  liquiii  is  ahnost  pure  oxygi-n  (96  per 
cent),  tlie  gas  coming  off  is  cotnpretwcd  by  pumps  into  tlie  steel 
cylindei?  (1'^k-  1-^)  ■»  which  it  in  sold.  In  medicine,  patients 
sufTcring  from  jineumonia  or  Riiffocatinn  obtain  some  relief  by 
iahaling  it  in  this  form.  It  is  al»o  used  in  feeding 
flames,  instead  nf  air,  when  inteiuio  heat  is  required 
(see  acetylene  torch  and  calcium  light). 

2.  lTnfortiinatcl\',  it  is  difficult  to  liberate  oxygen 
am  natural  subsUncea.  Saltpeter  (potaaaium  nitrate), 

for  example,  which  is  found  in  many  goiIh  and  can 
■he  dissolved  out  with  water,  gives  off  oxygen  (p.  25) 
aly  when  raised  to  a  bright  red  heat  by  the  Btmsen 

6ame  or  Wast  lamp.  But  it  gives  up  only  one-third  of 
,lbe  oxyRrai  it  contains  (101.1  g,  give  16  g.  of  ox>-gen). 

3.  Id  practice,  wc  are  compelled  to  u.'^e  nianufftc- 
substances.     Amongst  the  artiiicial  8ube(ta[ice-!< 

'mercuric  oxide,  expensive  but  historically  iiiter- 
(p,  U),  pot,as)tium  chlorate,  perhaps  the  most 
iVM>ient  for  laboratory  use,  and  sodium  peroxide. 
Potassium  Chlorato  (q.v.)  la  a  white  crystalline  substance  used, 
on  account  of  tlie  oxygen  it  contains,  in  Urge  quantities  in 
tic  manufacture  of  matches  and  fireworks.  When  heated  in  a 
iibe  atmilnr  to  that  in  Fig.  II,  it  first  melts  (351°)  and  then,  on 
ping  more  strongly  heated,  it  effervteces  and  ©vea  off  a  very  large 
volume  of  oxygen.  Exaniimition  sliows  that  the  whole  of  the 
oxygen  it  contains  (39  per  cent)  can  be  dri\-en  out.  The  white 
^materia]  which  remains  after  the  heating  is  identical  with  the 
linernl  8>'lvite.  To  the  clicmi^  it  is  known  as  potassium  cliloride. 
■eJiangc,  together  with  tlie  weighteof  the  matcriuts,ia  ax  follows: 
PMM>iun)«hlorat«  (122.56) -•PotawiiUD  ohloridu  (74.5«) +OxyBen  (48) 

CUoliiM  {MAO} 
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A  peculiarity  of  this  action  is  that  admixture  of  manganese 
(tbe  mineral  pjTolusite)  increases  very  markedly  tho 
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epoc-d  with  which  tbc  dwouipcxtitioQ  of  tbo  potassium  ctilorate 
taken  pluM.  Hence,  fa  ibi  presence,  and  it  is  gcnvrally  nuxetl 
wjUi  iJie  chlorate  in  laboratorj-  cxperimonta  (Fig.  16),  a  suflident 
stream  of  Uic  guo  is  obUunciJ  ut  a  rcliitivcly  low  temperature 
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(bplow  200°,  see  p.  29).     Hales  (p.  25)  was  the  first  to  collect  a" 

gas  over  wiitt-r  (Fig.  16),  in  order  that  it  mif;ht  be  kept  unmixed 
with  sir. 

4.  Oxygen  can  he  obtained  ponvpniently 
from  aodlum  peroxide  and  water  by  moans  of 
f^neratore  (Fig.  17)  similar  to  the  acetylene 
generators  URed  on  automobiles.  When 
tJic  metal  sodium  i.s  burned  in  uir,  eudiuin 
peroxide  i.-*  obtaineti  iw  a  |»owdor.  Thin 
[(owder.aft^rlx-itignicl  ted,  solidifies  in  com- 
pact, solid  form,  and  is  sold  as  oxone.  The 
oxone  is  bought  in  a  small,  sealed  tin  can, 
the  ends  of  which  are  perforated  in  several 
places  just  before  use.  When  the  valve  [B) 
is  opened,  so  that  the  oxj^gen  escapes,  the 
water,  which  6Il8  the  generator  almost  to 
the  top,  enters  the  can  (C)  by  the  holea  in 
the  bottom  and  interacts  with  the  oxonc. 
When  the  valve  is  shut,  the  gas  eontinuea 
to  be  generated  until  it  luis  driven  the 

water  down  again  below  the  le^-el  of  the  bottom  of  the  can. 

Sodium  peroxide  (78)  +  WaUr  (18)-.  Sodium  hydroxida  (80)  +  Ox)-gen(16) 

SmUiOb  HS)  Rydnmto  (2aie)      Sadiun  (4S> 

OsjrgK  (»}  OtVB  (Iff  Otrwa  (33) 

Bjrdrogm  O-OIQ 
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liod  w  convenient  because  it  works  at  room  tetDperature 
be  starte<l  ami  fitopped  at  will.  The  sodium  hydroxide 
produced  ia  very  soluble  in  wat«r  and  remains  dissolved.  Note 
that  the  name  of  this  substance  indicates  the  elements  which 
compose  it. 

^M  Catalytic  or  (intact  Action.  —  The  influence  of  manganese 
^bioxide  in  causing  the  potassium  chlorate  to  decompose  more  casUy 
^V(p.  27)  well  dcser\-e8  notice,  T!ic  effect  is  \'ery  striking  if  some 
HpUTR  potoMiium  chlorate  is  melted  carefully,  to  avoid  supcrltcut- 

ing,  in  a  wide-mouth  flask  (Fig.  18).    The  flask  is  providwl  with 

a  wide  exit  tube,  from  wliich  a 

rubbertubemayleadtoaboltlo 

inverted  in  a  trough  filled  with 

water  as  in  Fig.  16.     A  little 

manganese  dioxide  IK  contuinctl 

in  the  upper,  closed  tuljc.    No 

cfforvcsc^^uw;  of   the   eliloratc 

Oiin  be  BCCD  at  its  uicltiug-iKnnt 

(334*)— only  a  little  air,  cx- 

puuded  by  tiw  besting,  ibUMca 

frointhetube.  Wh<^n, however, 

Uk  rlofwl  tulte  containing  the 

manganefv  dioxide  is  rotated 

into  a   vertical   position    (see 

dotted  lines),  and  the  black  powderfalb  into  the  chlorate,  the  oxygen 
iM  off  in  torrents,  in  consequence  of  the  enonnoutt  acoderatioti  of 

the  decomposition.  Asaprecaiition  against  injury  from  an  explot^oii, 

it  is  advisable  ton-rap  the  flask  in  a  lowellx^fore  turning  the  tube. 
It  must  also  be  noted  that  the  manganese  dioxide  is  not  itself 

permanently  altered.    If  the  material  left  after  the  action  is 

efaaken  with  water,  the  potai^ium  chloride  dissolves,  while  the 

dioxide  docs  not.     Filtration  (p.  12)  then  enables  us  to  recover 

the  latter,  and  to  ascertain  that  it  has  been  changed  neither  in 

quantity  nor  in  propcrtic8. 
The  only  effect  of  the  dioxide  is  to  hastejt  the  decomposition  of 

the  chlorate,  which  would  otbcrwiae  be  too  slow  at  200'  (p.  28), 

or  even  at  334°  (its  m.-p.)  to  be  of  any  practical  value.     8ub- 

■taDCW  which  but«a  a  ohsioical  actton  without  th»m>«lfea  und«r- 
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going  as;  pennuiont  chaoffl  ai^  callod  contact  ag«nU,  catalytie 
agvQts,  ur  c&ulysts.  The  process  is  called  contact  action  or  catal- 
y»lt  (Clk.,  decomposition,  not  a  very  fortunate  clioice  of  wonJa). 
Such  substances  are  frequently  used  in  chemiHtr>'.  The  addition 
of  a  suitable  cutalyst  is  one  of  the  conditions  (p,  20)  for  carryinft 
out  actions  in  which  u  contact  agent  is  necessary.  Many  sub- 
stances of  this  claas  arc  secreted  by  animals  and  plants  and  play 
an  important  part  in  digestion,  fermentation,  and  other  physiologi- 
cal changes.  Their  prcaencc  often  enables  vcrj-  complex  chcttii- 
cal  actions  to  proci-cd  rapidly  at  rather  low  temperatures. 

The  oxon«,  mcutiuucd  above,  always  contains  a  truce  of  cuprous 
oxide  whicli  hastens  the  action  on  water. 

Sfteeifti-  PrttprrttrK  of  Two  Kindu,  Phynical  anit  Chemical. 

—  We  have  leaniwi  lliat.  every  «iili«tiincf  hiw  its  own  »t;i  of  specific 
properties.  In  descrihiiig  a  sulistaiico,  it  is  fonvcniciit  U>  divide  the 
properties  into  two  classes.  Tlie  list  of  substances  with  wliich  the 
given  substance  can  enter  into  cheniiral  combination,  for  example, 
wc  place  under  specific  chemical  properties.  Rehitions  of  the  sub- 
stance to  any  of  the  varieties  of  chemical  change  belong  to  this  claafl. 

On  the  other  hand,  wo  do  not  consider  melting  or  boiUng  to  be 
chemical  changes,  bo  wc  place  the  temperatures  at  wliich  the  Bub- 
8t<Lnce  melts  (m.-p.)  and  boils  (b.-p.),  its  color,  etc.  (for  list,  see 
p.  19),  under  spAclflc  ph^eal  properties. 

Properties  of  either  p\russ  may  be  used  for  rccc^uizing  a  substance. 

Specific  Phyxical  Properties  of  Oxygen.  —  Oxygen  raitembleR 
air  in  ba%inK  neither  color,  taslc,  nor  odor.  The  density  of  a  sub- 
stance is,  strictly  speaking,  the  weight  of  1  cubic  centimeter  (1  c.c). 
In  the  case  of  a  gas,  we  frequently  prefer  to  give  the  weight  of  1000 
c.c.  (1  liter),  at  0°  and  760  mm.  (1  atmosphere)  barometric  pressure. 
For  oxygen  tbis  weight  is  1.42000  grams  (Morlcy).  The  corre- 
Kpfjuding  weight  for  air  is  1.293,  ao  that  oxygen  is  slightly  heavier, 
bulk  for  bulk,  than  air  (in  the  ratio  l.lOo  :  1).  Oxygen  can  be 
li.qufficd  by  compression,  provided  its  temperature  is  first  reduced 
below    —118°,   which   is  it«  critical  temperature.*     The  gas  is 

•  Each  gnu  halt  AH  individual  crilical  tempwrature  (,g.v.)  above  which  no 
prcwiirc-.  howtrvM  gn^t,  will  produon  liqupfnetion.  Thr  farther  thn  trmpcr*- 
iun^  of  a  uppcimpn  of  the  g»a  n  below  the  critical  pnint,  the  leae  will  be  the 
I»eemiT«  retjuired  to  liquefy  it, 
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nif^tly  aoliMe  in  water,  the  solubility  at  0^  beini;  4  volumes  of  gfiS 
ilk  IIK)  voliiiiies  of  water  (at  20=',  3  :  100). 

The  solubility  of  oxygen  in  wat^r,  althouRh  nlii^t,  ia  in  some 
raqiecte  its  most  important  ph^-Hical  properly.  Pish  obtain  oxy- 
gen for  their  blood  from  that  dissolved  in  the  water.  With  aii^ 
breathing  aninmU  (Uke  man),  the  oxygen  could  not  be  taken  into 
the  s>'stem,  if  it  did  not  fu^  dissolve  in  the  moisture  contained  in 
the  wails  of  the  air  sacs  of  the  lungB,  and  then  pass  inwardB  in  a 
(liitflolved  state  to  the  blood. 

Liquid  oxygen,  first  prepared  by  Wroblevski,  has  a  pale-blue 
color.  At  one  aimoephero  pressure,  that  is,  in  an  open  vessel,  it 
boLb  at  —  182.5".  Its  density  (weight  of  1  c.c.)  is  1.13,  so  that  it 
ifl  diKhtty  denser  than  water.  By  cooling  with  a  jet  (^  liquid 
hydrogen,  Dewar  froze  the  liquid  to  a  snow- 
tike,  pale-blue  solid.  A  tube  of  liquid  oxygen 
ia  noticeably  attracted  by  a  magnet. 

Six  Specific  Physical  Properties  of  Each 

—  Allbougli  ever)'  substance  baa  many 
properties,  we  shall  mention  only 
those  which  are  used  in  cliemicul  work,  with 
oecsBionAlly  the  udditton  of  any  pcculinr  or 
:poctcd  quality.  It  will  aid  the  memory 
recall  the  physical  properties  of  a  Has,  if 
we  note  that,  as  u  rule,  only  six  such  proper- 
ties are  mentioned:  (1)  color,  (2)  tjistc,  (3) 
odor,  (4)  density,  (5)  liqucfiAbility,  defined  by 
the  critical  teinpcraturo,  (6)  solubility,  usually 
in  water  only. 
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Specific  Chemical  Properties  oj  Oxy- 

—  The    chemical    prc^>crtie«    of    pure 
o-vygen  are  like  ttiosc  of  atmospheric  air, 
Illy  more  pronounced.  r«-  i». 

ftcn-meialUc  BUrTnetUa.    Sulphur,  when  raised  in  advance  to  the 
perature  ncecssary  to  start  the  action,  unitfis  vigorously  with 
oxygen  (Fig.  10).  giving  out  much  heat  and  producing  a  famiUar 
gas  having  a  pungent  odor  (sulphur  dioxide).     This  odor  is  fre- 
quently spoken  of  us  the  "smell  of  sulphur,"  but  in  reality  sulphur 
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itself  has  no  odor,  uiid  neither  hm  oxygvn.  The  odor  is  a  property 
of  the  t'ijiiipound  of  iho  two,  Tlic  mode  of  experimentation  can 
be  changt'd  ivnd  the  oxygoji  led  into  sulphur  vapor  through  a  tuVm. 
The  oxygen  then  uppeara  to  burn  with  a  bright  flame,  giving  the 
eAiue  product  as  before. 

Phosphorus,  when  set  on  fire,  biases  in  ox>'gcn  verj-  vigorouslvi 
fomiiog  a  white,  powdery,  solid  oxide  —  phosphorus  pentoxjde. 
Burmng  carbon,  in  the  form  of  charcoal  or  hard  coal,  glows  bril* 
liantly  and  is  soon  burnt  up.  It  leavts  an  invisible,  odorless  gas  — 
carbon  dioxide.  At  high  temperatures,  oxygen  combines  readily 
with  one  or  two  other  uon-metalB  {e.g.,  .silicon,  boron,  and  arsenic), 
and  to  a  small  extent  (1  per  cent  at  1900°)  with  nitrogen.  It  will 
not  combine  directly  with  chlorine,  bromine,  or  iodine,  although 
oxides  of  the  Srst  and  last  can  be  prepared  by  using  other  varietips 
of  chemicaj  change.  With  the  six  members  of  the  helium  family 
(fl.u.),  of  which  no  compounds  are  known,  and  with  fluorine,  oxygen 
forms  no  compounds. 

Sulphur  (32.06)+Oxygen(32)-^ulphur  dioxide  (64.06). 
Phosphortis  (62.08)  -»-Oxygcn  (80)— Phosphorus  pcntoxidc  (142.08). 
Carbon  (12)+Oxygcn(a2)-*Carbou  dioxide  {U). 

Metallic  Elements.  Iron,  as  we  tuive  secj),  rusts  exceedingly 
slowly  in  air  and,  even  when  red-hot,  pves  hammer-scale,  the  bkek 
solid  which  is  broken  off  on  the  anvil,  rather  ilelil>erately.  In  pure 
oxygen,  a  bundle  of  picture-wire,  if  once  ignited,  will  burn  witli 
surprising  brilliancy,  throwing  off  sparkling  globules  of  the  oxide, 
melted  by  the  heat.  This  oxide  is  a  black,  brittle  substance, 
identJcal  with  hammer-acale,  and  dilTereut  from  rust  (ferric  oxide). 
It  contains,  ui  fact,  a  smaller  proportion  of  oxygen  Uian  does  the 
latter,  and  is  called  magnetic  oxide  of  iron. 

Iron  (167.62)  +  Oxygen  (64)  —  Magnetic  oxide  of  iron  (231.52). 

All  the  familiar  metals,  excepting  gold,  silver,  and  platinum, 
when  heated,  combine  with  oxygen,  some  more  vigorously,  others 
less  vigorouijy  than  does  iron.  Oxidcjt  of  the  three  metals  just 
named  can  also  be  made,  but  only  by  varieties  of  chemical  change 
other  than  direct  combination. 

Compound  siAttances,  if  they  arc  composed  largely  or  entirely 
of  elements  which  combine  with  oxygen,  are  able  themselves  to 
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ract  with  oxygea.  Usuully,  they  produce  a  mixture  of  the 
oxides  wiiich  v»eh  vlcmciit,  scpiirutdy,  would  give.  Heace, 
rood,  which  U  composed  of  ciirboo  and  hydrogca  with  some 
Dxygeii,  when  burnt  in  oxygeii,  produces  carbon  dioxidt.-  and  water 
|(oxide  of  hydrogejO  in  the  form  of  vapor.  Again,  carbon  di:tul- 
burns  romlily,  &ving  onrhon  dioxide  and  sulphur  dioxide, 
;  as  do  carbon  and  niilphur,  se|>ara(oly.  Ferpous  sulphide  gives, 
Bimilarly,  aulphur  dioxide  and  mapietic  oxide  of  iron. 

TvnUt.     A  Test  for   Oxygen.  —  A  twt  is  a  prop«r^  whleh, 
JbecattHe  it  is  easiiy  rccoKnizeil  (a  .ilroiiR  ct^U^^.  for  ft.\Miii|i!c1,  or  for 
Borne  other  sufficieiit  reaeooj  la  conunonlT  employed  in  recogalitng 
a  subiCaiuie. 

Oxygen,  as  we  have  seen  (p.  14),  when  pure,  is  recogmzed  by 
[the  fact  that  a  splinter  of  W€mkI,  Rowing  at  one  end,  bursts  into 
|fiame  when  tntro<luced  iiito  the  gsa.    Only  one  other  gas  (am 
litrous  oxide)  beliuve^  iiintilarly. 

The    Measurement    of   Combining    Proportions.  —  In    n 

rnumbcr  of  coiidciisi'd  strvU-iucnts  wu  have  given  the  proportions 

by  weight  of  the  materials  eorubiniug.    It  is  now  desirable  that 

we  should  know  how  the  neccxsary  measurements  are  made.    The 

most  entct  mca.'*iirement  of  the  proportions  in  which  the  elements 

oiubine  to  form  conipoiind.4  invoI\'ett  miuiipulations  too  elalx^rate 

'  be  gone  into  here.     ()n(>  or  two  brief  Htatements,  diagrammatic 

Itathcr  than  accurate,  nil!  show  the  principles,  however. 

If    we    take    a   weiRhed  ^j—. 

quantity  of  iron  in  a  teat-  
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tube  and  heat  it  with  more 
than  enou)^  sulphur  (an 
«WM>  of  Hulphur),  we  get 
free  sulphur  along  with  the 
ferroaieulphidcCpp.  i;i-14), 
and  no  free  iron  aurvives. 
We.  may  remove  the  fr«6 
^aulphur  by  washing  the  solid 
(■ith  carbon  dtsulphidc.  The  difference  Ix-tween  the  weights  of  the 
Iferrous  Bulphi<lc  and  the  iron  gives  the  amount  of  sulphur  combined 
.  tJte  known  quiuitity  of  the  latter. 


Pia.  30. 
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As  an  example  of  the  study  of  the  cotaltituitiun  of  a  metal  with 
oxygen,  we  may  weigh  a  small  niiiouiil  of  copper  in  tlie  form  of 
powder  in  a  porcelain  Iwat  anil  |)es*  oxygen  over  the  heated  metal 
(f^.  20).  If  we  limit  the  oxygen,  part  of  the  copper  may  remain 
imatt«re<l;  if  v/v  usu  it  freely,  the  exce8»  nill  pass  on  unchanged. 
The  oriijiiiml  weight  of  the  copper,  and  the  increase  in  weight, 
representing  oxj'gcn,  give  us  the  data  for  detennining  the  compo- 
flition  of  onprio  oxi<]e.  The  data  furnished  by  one  rough  lecture- 
experiment,  for  example,  were  as  follows: 

Wright  of  twmt  +  wippcr 4.278  g. 

Wrai^t  of  boat  «iaptr 3.428  g. 

Differvriuc  -  walght  of  coppw 0.800)1;. 

WrJRht  .iflrr  luiiiilidii  of  oJtyBBO 4,488  k, 

Wci)!^!,  witliuul  cjx)Ri-n  .... 4.278  g. 

DifTirmncv  -  walgbt  of  ooygon O-XlOg. 

The  proportion  of  copper  to  oxygen,  so  far  as  tbis  ime  measure- 
ment goes,  is  therefore  85  :  21. 

The  rejtulty  of  quaiititulive  cxperimciit»  are  often  recorded  in  the 
form  of  pttTUi  in  one  hundred.  Tt)  find  the  iK-rcentage  of  caeli  eou- 
sUtucnt,  we  obwrvc  that  Ihe  proportion  of  eof^j-  is  85  :  85  +  21, 
or  iW  of  the  whole.  That  of  the  oxygen  i-s  A'j  of  the  whole.  Thus 
the  percentages  are: 

Copper,  106  :  85  :  :  100  :  X.       i  =  80.2. 
Oxygen,  106  :  21  :  :  100  :  x'.      x'  =  19.8. 

Naturally,  the  mean  of  the  results  of  a  number  of  more  carefully 
managed  experiments  will  be  nearer  the  true  proportion.  The  per- 
cent^GS  at  present  accepted  as  most  accurate  arc  79.9  and  20.1. 

In  the  case  of  mercuric  oxide,  wc  may  decompose  a  known  weight 
of  the  oxide  (p.  l-l),  collect  the  mercurj-  and  wti^  it,  and  ascer- 
tain the  oxygen  by  difference. 

The  names  of  the  const  it iMuit  elements  in  «  eomponnd,  together 
with  the  proportion  by  weight  in  which  they  are  present,  arc  called 
the  composlttoa  of  IIm'  substance,  llius,  the  composition  of  rupric 
oxide  is  copier  :  ox>'geu  :  :  79.9  :  20.1.  This  in  ibc  prrtxtUage  ctaa' 
position,  iHit  other  numbers  expressing  the  same  proportion  (such 
a.**  6.^.57  r  Iftl  will  ^rvo  the  purpose. 

All  np«riiQ«aU  involfinc  mMaur«m«at,  »:tieh  m  thooe  used  in 
determining  composition,  are  called  quaatitatlTa  Mpnimvate. 
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Anol-h«r  Qttantitatttv  Expcrimtml.  —  The  following  will 
show  tiow  the  oombiniiig  proportions  may  be  oiRasured  when  the 
product  lA  &  gas,  tlic  weight  of  which  must  be  ascertained.  Sul- 
phur bums  in  oxygen  to  form  sulphur  dioxide.  A  knonn  weight- 
ed sulphur  is  placed  in  a  porcelain  boat  (Kig,  21),  which  has  already 
bcnn  wt^it^et).  The  li'-shaped  tube  to  the  right  contains  a  Bolu- 
lion  of  iMtasRium  hydroxide,  which 
is  capabk  of  aheutrbing  the  resulting 
gU.  The  oxj'gen  enters  from  the  left. 
When  the  sulphur  is  heated,  it  burns 

in  U»e  oxygen,  and  the  loss  in  weight  xz?' 

Vbicb  the  boat  undergoes  shows  the  ''*  "' 

amount  of  sulphur  consumed.  The  gain  tn  weight  of  the  U-tubc 
ebows  the  weight  of  the  compound  produced.  By  subtracting, 
we  get  the  quantity  of  oxygen. 

In  one  experiment,  the  ]oee  in  n-eight  of  the  boat  and  its  con- 
tents (=  sulphur)  was  1.21  g.  The  weight  gained  by  the  U-tube 
was  2.42  g.  The  difference  (=  oxygen)  is  1.21.  The  prc^jortion 
of  sulphur  lo  oxygen  in  sulphur  dioxide  is  therefore  1.21  :  1.21  or 
1  :  I  or,  in  percentages,  60  :  50.  This  proportion  is  very  close  to 
tJie  accepted  value  (p.  32),  32.06  :  32. 

The  same  iiR>thod  could  be  u^d  for  carbon,  for  the  carbon 
dioxide  produced  would  be  abeorbod  in  the  ^tution  of  potassium 
hydroxide. 

Contbuatum,  —  Violent  union  with  ox>'gen  is  called,  in 
popular  Uoguage,  Msibiution  or  burning.  Yet,  since  oxygen  i» 
only  one  of  many  gii:seouM  Mub^ttinei'^  known  to  the  chemiitt,  ajid 
siinQar  vigorous  interactions  with  these  gases  arc  common,  the 
term  ha»  do  i*ci<*n1ifie  significance.  Even  the  union  of  iron  and  sul- 
phur pvcs  out  light  and  beat,  and  is  quite  Bimiltu-  in  the  chciiiical 
point  of  view  to  combustion. 

A  niii<lctuling  term  ofteii  used  in  this  connection  is  Wn^iinj 
t«mp«ratar*.  It  ^ves  the  impression  that  there  is  a  definite  tem- 
perature ftt  which  combustion  will  start.  But  the  lemperitt ure 
is  only  one  of  the  conditions  which  produce  combu.'<tion.  Finely 
powdered  iron  will  start  btirning  at  a  lower  temperature  tlmn  will 
an  iron  wire,  becaute  U  prewnh  relatinly  more  mrface  to  the  gas. 
Again,  if  the  oxygea  is  at  less  than  one  atmosphere  pressure,  (he 
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wire  will  require  to  reach  a  higher  temperature  before  combusti< 
will  t>egiQ.  Fiimlly,  the  vapor  of  methyl  alcohol  and  air  requip 
to  be  raised  above  a  rod  heat  before  combustion  starts,  but  a  pocb 
cigar-liKhler  seta  fire  to  this  very  mixture  by  means  of  a  contact 
agent  (a  thin  platinum  wire)  without  any  other  means  of  heating 
being  required.  So  that,  the  conditions  under  which  combustion 
begina  involve  the  physical  condition  of  the  solid,  the  pressure  of 
the  gas  or  vapor,  the  prcsenct*  or  absence  of  a  contact  agent  and 
the  nature  of  the  contact  agent,  as  well  as  the  temperature.  No 
dehnite  kindling  temperature  can  be  given,  unless  t)ic  otturr  con- 
ditions are  spccifipd  also.  Kindling  conditions  involve  scvcrid 
variables,  of  which  the  t«mpeniture  is  only  one. 


Oxidation.  — The  slower  union  with  ox>'geu  which  occurs  ia 
rusting  is  culled  oxldatloa.  Wv  shall  »ci:  lut«T,  however,  ^that  iti 
has  been  found  coii\i  tiitiil  to  wtretch  this  t<*r»i  so  as  to  cover  com- 
binfttions  of  uihcr  eleinente  than  oxygen,  and  even  to  include 
actions  not  involving  eoinbiuatioa.  At  this  point  we  can  distrust 
only  oxidation  by  oxygen. 

This  process  of  slow  oxidation  by  oxypMi,  althougli  le**  eon- 
8picuou.'«  than  combustion,  is  really  of  greater  interest.  Thus  the 
dMsy  of  wood  is  simply  n  procewt  of  oxidation  whereby  the  some 
priiduets  are  formed  as  by  the  more  rapid  onliuary  combustion. 
Sewage  is  mbced  witli  large  volumes  of  river  water,  the  object  itciug, 
not  simply  to  dilute  the  sewage,  but  to  mix  it  with  water  containing 
oxygi'u  in  iwlution.  This  has  an  oxidixirig  power  like  that  of  oxy- 
gen gas  and,  thi-ough  the  ageiicj'  of  bacteria,  ([uickly  reudew  dis- 
solved organic  matters  innociioiia  by  converting  them  for  the 
most  part  into  carbon  dioxifle  and  water.  Thus,  a  few  miles 
further  down  the  strejim,  the  water  l)ecomes  as  suitable  for  drink- 
ing AS  it  was  l>efore  the  sewage  entered.  In  our  own  bodlai  u-e 
have  likewise  a  familiar  illustration  of  slow  oxidation,  .\voiding 
details,  it  is  sufficient  to  say  that  the  oxygen,  from  the  air  taken 
into  the  lungs,  combines  with  the  hvmoglobin  in  the  red  blood- 
corpiiscles.  In  this  form  of  loose  combination,  it  is  carried  by  the 
blood  throughout  onr  tissues  and  there  oxidizes  the  foodstuffs 
which  have  been  absorbed  during  digestion.  The  material  prod- 
uct«  are  carbon  dioxide  and  water,  of  which  the  former  is  carried 
back  to  the  lungs  by  the  blood,  and  finally  reaches  the  air  during 
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exhalation.    The  important  product,  however,  is  the  beat,  ghrea 
out  by  ibe  oudation,  which  Iccepn  the  body  waim. 

The  opposite  of  oxidnlioii,  Iho  removtd  of  oxj-Ren,  is  spoken 
is  cbemistrj-  aa  nductloD.     But  this  t«rru,  alao,  has  been  stret 
to  OOTer  oth«r  Idndij  of  chemical  change. 


Spontaneous  Comhuntion.  —  Sometimes  a  mere  slow  oxi- 
dation (ieveiojw  into  n  coinbu»tioD,  which  is  then  known  as  wfiva- 
tanwnu  eombuitlon.  To  underetand  this,  we  must  note  the  fact 
that  a  given  weight  of  material,  say,  iron,  in  combining  with  oxy- 
gen to  form  a  given  oxide,  will  liberate  the  same  total  amount  of 
beat  whether  the  union  proceeds  rapidly  or  slowly.  If  the  action 
proceeds  alowly,  and  the  material  being  oxidized  is  freely  cscposed 
tt>  the  air,  the  latter  will  become  heated  and  will  carry  off  the 
as  fast  as  it  is  prtxluccd.  Thus,  do  particular  ri^-  in  tcmpcratt: 
will  occur.  If,  however,  the  material  is  a  poor  con<Iuctor  of  heat, 
like  bay  or  rajps,  and  there  is  Hufficient  air  for  oxidatioa,  but  not 
eooui^  to  carry  off  the  heated  air,  the  heat  may  acciunulato  and  a 
tetaperutun>  jtuiTicicnt  to  )<tart  combustion  may  be  reached.  Such 
a  siluation  sometiitie»  arisc«  in  hay-stucks.  It  occunt  also  when 
rags,  saturated  with  oils  used  in  making  paints  (linscird  oil  and 
turpentine)  arc  left  in  a  hcjij).  Tht^se  oils,  in  "tlrjing,"  conibiiw 
with  oxygci)  from  tlio  air  and  turn  into  a  tough,  n^inous  inuterinl. 
The  rags,   being  poor  couduetor»  of  heat,   finally  Iiecume  hot 

iCnou^i  to  burst  into  name,  and  !«crious  conBagrations  oft«u  owe 

lieir  origin  to  causes  such  as  this.    Oily  rags  should  always  be 

disposed  of  by  burning,  or  should  at  least  be  plaeeri  in  a  closed  caa  i 

metal.     Vina  in  coal  bunkers  of  ships  arifle  from  the  same  causft 

'  stow  oxidation,  with  aecumulation  of  the  resulting  heat.     That 

"coal  dottt  undergo  slow  oxidation,  especially  when  freshly  mined, 

I  is  shown  by  the  fact  that  such  coal,  if  left  exposed  to  the  air  for 
Bionths,  may  loee  10  per  cent  or  more  of  its  heating  powei-. 
for 


■ttie 
^dis: 


tCscs  <^  Oxygen. — A  number  of  the  practical  applications 
oxygen  have  already  been  mentioned.  For  example,  in  the 
oregoing  section  we  have  referred  to  its  use  in  breathing,  its  r6!e 
in  decay,  which  is  a  beneficent  process  liecause  it  removes  much 
uspleaa  (natter  which  mipht  otherwise  cause  disease,  and  its  value 
disposal  of  sewage.     Power  and  heat  for  commercial  pur- 
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pvsas  are  almost  ull  obtained  by  the  burning  trf  coa],  in  which  ox}'- 
geo  bom  the  uir  pl»>ii  a  la^e  part.    If  vre  had  to  purchase  tho 
oxygni  ae  well  a»  the  coal,  wo  should  require  at  kast  three  tons  of  ' 
oxygen  for  every  (on  of  coal. 

Oxygen  in  cylinders  and  oxy^Q  generatom  are  used  to  restore 
the  supply  in  the  utmuepbcre  of  submarine  boats,  as  well  as  tea  the 
purpoeet)  already  mentioned  (p.  27). 

Substances  Indifferent  to  Oxygen.  —  Finally,  since  the 
atmosphere  contuinis  so  Wgc  a  proportion  of  oxj'gon,  substanct-a 
which  do  not  oxidize  jitid,  wlicn  heated,  do  not  bum,  have  many 
uses.  Gold,  silver,  and  platinum  are  of  this  kind  (p.  32),  and  are 
used  for  onuimentit.  The  lust  is  used  for  cmciUee  in  which  bodies 
are  heated  iu  the  laboratory'.  Although  iron  burns  in  pure  ox>'gen, 
it  doca  not  oxidixe  nipidly  in  llic  air  even  when  heated,  and  so  is 
used  for  making  vessels  for  cooking  and  in  constructing  fireproof 
buildings. 

Compounds,  already  fully  oxidized,  are  naturally  not  com- 
bustible. Of  this  nature  arc  sandstone,  granite,  brick,  porcelain, 
^an,  and  water.  All  these  arc,  theref(H%,  Sreproof.  Moreover, 
these  substances  do  not  ^ve  off  oxygen  when  heikted  (water  de- 
compute's  shghtly).  Glims  and  porcelain  thus  neither  los^e  nor 
gain  in  weight  when  heated,  and  arc  suitable  materials  for  labora- 
tory apparatus. 

Activity  and  Stahitity.  —  A  substance  which  enters  into 
combination  vigorously,  as  does  oxygen,  is  called  chemically 
acUn.  NitrogRD,  o»  the  otJwr  tumd,  is  relatively  fnacUra.  An 
active  element,  .'<ince  it  eoinbimt*  eagerly,  naturally  holds  tena- 
ciously to  the  matter  «-ith  which  it  has  combined.  An  active  ele- 
ment implies,  therefore,  also  one  which  is  in  genera)  difficult  to 
liberate  from  comhination.  TtA  compounds  are  in  general  rel- 
atively stablo.  Thus,  many  oxides,  and  the  natural  compoundit 
just  mentioned  (saiidstonp,  granite,  brick  and  porcelain,  the  lairt 
two  made  from  clay),  do  not  lose  ox>'gcn  <n'en  at  a  whit«  heat  and 
are  very  stabk. 

Exmrcinea.  —  1,  What  percentage  by  weight  of  free  oxygen  i» 
obtained  by  beating:    (o)  mercuric  oxide,  (ft)  potaatdum  nitrate, 
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(c)  potasmum  chlorate?    At  S1.50  (7/8),  $0.15  (8d),  and  S0.15  (8d) 
per  kil(^ram,  respectively,  which  is  the  cheapest  source  of  oxygen? 

2.  Using  the  data  on  pp.  30-31,  calculate  the  weight  oS  oxygen 
dissolved  by  1000  c.c.  of  water  at  0°. 

3.  Why  does  a  forced  draft  make  a  fire  bum  more  r^udlyT 

4.  Why  does  a  naked  flame  sometimes  cause  an  explodcm  in  a 
mine,  when  the  air  of  the  mine  is  filled  with  coal  dust? 

5.  The  substances,  like  phosphorus  and  sulphur,  which  bum 
rapidly  in  ordinary  oxygen,  combine  very,  very  slowly  with  oxygen 
which  has  been  freed  from  moisture  by  careful  drying.  How  is 
this  effect  of  water  to  be  classified? 

6.  Air  is  20  per  cent  oxygen.  Why  does  ircoi  bum  brilliantly 
in  pure  (oygen,  but  not  in  air? 
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CHAPTER  IV 

ATOMIC  WUOET8,   SYMBOLS,   rOEHUL£,  AND 
EQDATIOKS 

We  have  repeatedly  vailed  attentiOQ  to  the  quantities  of  the 
substances  taking  part  in  chemical  changes,  and  particularly  to 
the  constant  relation  between  the  weights  of  each  clement  in  a 
giv(?n  subatunco  (pp.  17-lS).  This  matter  is  of  great  importance  in 
chemistry.  If  a  cargo  of  copper  ore  is  to  be  purchased,  we  do  not 
wish  to  pay  for  the  rock  that  all  specimens  of  the  ore  contain  in 
larger  or  smaller  proportion.  So  we  secure  a  fair  sample  of  the  ore 
and  have  an  aoalyils  tnude  by  a  chemist.  The  anah-iiiR,  in  i)m 
case,  is  a  measurement  of  the  proportion  of  the  valuable  metal  in 
the  sample.  The  price  will  then  depend  largely  upon  the  propor- 
tion of  the  copper  per  ton  of  ore.  The  making  of  anal>'Hcs  —  that 
is,  chemical  measurcmcnti  —  plays  a  very  large  part  in  all  in- 
dustries which  involve  the  coiuiunption  or  manufacture  of  ma- 
tvriiils.  Quantitative  nieasurcniejitB,  aside  from  their  theoretical 
interest,  are  therefore  of  tlie  greatest  practical  importance.  Ht^cc 
we  must  now  dixcuss  them  once  more. 

The  Compositions  of  Substancen. — Our  present  purpose 
is  to  eoniparc  the  projiortiona  by  weight  of  the  elemeiits  composirig 
several  compouuda,  in  onler  to  see  whether  tlie  iiundx-r»  arc  rc^idly 
as  irregular  as,  in  the  examples  we  have  heretofore  given,  they 
have  appeared  to  be,  or  whether  there  is  any  way  of  relating  and 
slmplifytng  the  numl>er^. 

In  order  to  have  a  fair  8ami>Ie  of  theae  proportiona,  we  shall  in- 
clude the  compositions  of  a  few  substances  for  which  the  data 
have  not  yet  been  given.  Potassium  hydroxide  (p.  35)  has  tho 
composition:  potassium  (a  metal)  39,1,  oxygcu  16,  hydrogen 
1.008,  in  a  total  of  56.108  part*.  Wntcr  (oxide  of  hydrogen)  con- 
tarns:  oxj-gen  16  and  hydrogi>u  2.016  parts  by  weight.  When 
iron  burns  in  chlorine,  which  is  a  yellow  ga.-*,  it  pves  ferric  chloride 
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with  the  proportions:   iron  S5.S4,  cUorinc  106.38.    Wlicn  ferric       H 
chloride  i.**  heated  in  a  stream  of  hydrogen  g&»,  a  part  of  the       H 
chlorine  is  removed,  and  ferrous  chloride  remains:    iron  55.84,       H 
chlorine  70.92.                                                                                     ■ 
To  make  the  comparison  easy,  we  have  limited  the  number  of       H 
substances  to  five  of  those  previously  discutned,  together  mth  the       ^M 
four  just  mentioned,  and  have  alito  arranged  the  proportions  in^^^| 
the  form  of  a  table.                                                                              ^^^M 

PROPORTIONS  BY  WEIGHT  OF  THE  ELEMENTS  IN  CERTAIN       S 

COMPOUNDS                                                         M 

Khu  «I  Cbmpoiuid. 

boo. 

(fty- 
■sn. 

Rill- 

phor. 

Cbln- 
rln*. 

Hydro-         ^M 

Ferrous  Bulphlde  (p.  14)  ...  . 
PotAMium  chlorutv  In.  27)  .   .  . 
Sulphur  dioxide  (p.  33) ..... 
Iron  cotide  (maimetic)  (p.  32) 
PotaDeium  hydroxide    ,   . 

111.6^ 
56.S4 

157  52 

55  84 

56  84 

4S 

48 

M 
1« 

le 

32  06 
32  00 

36!i 

m.3s 

70.92 

M 

2.01ft        ■ 

65,84 

le 

32.00 

39.1 

36.46 

I.flOR        H 

Study  <tf  tlur  Forfgmng  Table.  —  When  we  first  examine       H 
the  [mriibcrs  in  the  hmiKonlal  hiifw  of  the  table,  we  observe  that      ^| 
the  nuinbent,  with  the  exception  of  those  for  oxygen,  all  involve      ^H 
deniroal  fractions.    From  this  wo  infer  that  whole  numbers  must      ^| 
bare  been  chosen  intentionally  for  tucj'gen.    This  is,  in  fact,  the       H 
CMC.     When  we  next  look  dmon  the  oxygen  column,  we  observe        H 
Utat  48  =  3  X  16  and  32  =  2  X  16  and  64  =  4  X  16.    All  the       B 
<ayBm  weighUi  are  multiples  of  1&  by  eome  integral  (whole)  num-        H 
ber.    In  the  hydrogen  column,  the  same  regularity  appears,  for       H 
2.016  =  2  X  1.008.     Following  up  this  idea,  we  find  in  the  iron        H 
cohimn,  .'>5.84  occurring  thrice,  and  discover  that  111.68  "  2  X        H 
55.84,  and  that  167.52  =  3  X  55.84.    Similarly,  in  the  chlorine       H 
column,  the  numbers  are  multiples  of  35.46  by  unity  or  some  other       H 
integer.     Thus,  the  proportion  of  each  element,  in  various  com-^^^B 
pounds,  oan  be  reprewnted  by  a  fundamental  number  —  a  sort  o^^^H 
unit  quantity — multiplied  when  necessary  by  the  proper  intcger.^^^l 
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Now  thia  rule  is  ttoi  oonfinexl  to  these  nine  compounds,  involving 
only  six  different  elements.  If  we  provided  a  column  for  every 
known  element  (about  eighty  would  be  needed),  and  potorcd  the 
composition  of  evcr>'  known  compound,  n-c  should  find  the  same 
rule  to  hold.    This  rule  can  be  stated  as  foUown: 

LaiF  of  Combining  ffeights. — In  •v«ry  compound  lub- 
■t«iic«,  the  proportion  by  w«icbt  of  mcb  olemenc  mMj  bo  oxprsusd 
by  a  fixed  number,  *  dUterent  one  for  each  •Ument>  or  b;  a  mul- 
tlple  of  thl2  number  by  some  integer  (whok-  number). 

Since  tliL-  proportion  by  weight  in  which  two  (or  uiorc)  dements 
combine  is  a  chcmiciil  property,  this  is  :i  eheiiiicjil  law.  Clejirlj',  it 
does  not  upply  to  mixturt.'S,  for  any  irregular  proportion  could  be 
used  in  the  physical  procvas  of  mixiug. 

Explanation  qf  this  Imw,  Atamx  and  Atomic  Weights. — 

To  expliiin  this  law  it  wm  nei'cssary  to  u-ie  the  third  kind  of  cx- 
plnnntion  (p.  23),  ntunely  the  making  of  an  hj-pothesis.  The 
detJiilt  of  k<iw  two  substances  combine  cannot  be  seen,  so  (-heinists 
had  to  irnodiTje  some  dctaiU  which  would  account  for  the  possession 
of  nil  individual  imit  weight  hy  each  element.  If  oxygen  is  com- 
■posrri  of  minitic,  irwinhle  particles,  which  are  all  alike  in  weight, 
tttid  hydrogen  and  potassium  are  of  the  same  nature,  except  that 
Ike  weight  of  the  /wrtie/c  of  each  hittd  of  Yemeni  is  different,  we  ha\e 
the  ba^is  of  an  explanation.  We  have  to  suppose,  further,  that, 
when  elements  combine,  the  particles  adhere  in  pairs  or  groupx,  ns 
whohx,  and  are  never  broken.  In  tliia  way  the  particle  of  each 
variety  of  elementary  matter  will  have  a  definite,  unchangeable 
veigbt,  which  will  be  one  of  its  fixed  properties.  If  the  relative 
weights  of  the  particles  of  oxj-gen,  potiiseinm,  and  hydrogeo  arc  in 
the  proportion  of  the  combining  numbers  in  the  table,  namely 
16  :  30.1  ;  l.OOS,  the  whole  situation  become*  clear.  Chemical 
union  must  consist,  in  dftail,  in  the  union  of  the  particles  of  the 
elements  to  form  the  particles  of  the  coini>ound.  For  wich  partielo 
of  potsiBsiuui  hydroxide,  orie  particle  each  of  the  three  elements 
is  required. 

For  cacli  particle  of  water,  where  the  proportion  of  oxygen  to 
hydrogen  is  10  :  2.016,  evidently  one  particle  of  oxygen  and  Iwo 
particles  of  hydrogen  are  necessary.     Varying,  intermediate  pro- 
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portions  are  impossible,  bi-cmisc  llic  particles  of  the  elements  are 
I  permanent,  arc  novvr  brokoDt  and  combine  as  wiioles,  and  in  a 
uuifunn  way  ihruu^  thv  taasA.  Tbc  only  possible  variation 
would  be  to  tjikc  dilTorvut  relative  numbers  of  tlic  particles  —  for 
example,  two  of  oxjgcn  to  two  of  hydrogen  (2  X  16  :  2  X  1.008). 
But  this  produet  would  have  a  differ^-nt  composition  from  water, 
and  would  uot  be  water.  This  compound,  with  the  double  pru- 
portiou  of  oxy^n,  18  indeed  known  (it  is  hydrugou  jxToxidc),  auit 
,  18  the  only  other  knowti  oompouud  of  these  two  clvuionts. 

This  theory  fully  exjdains  why  the  coml»iuDg  proportioos  of 
clement,  in  lUfferent  eonipoundt,  can  always  Iw  expressed 
I  by  a  fixetl,  unit  number  (which  repreaenls  the  weight  of  the 
[.ultinutte  particle  of  that  element),  multiplied,  when  necessary, 
|by  A  whole  number  (representing  the  number  of  particles  trf 
[the  element  required  to  form  a  particle  of  the  compound  in 
IMStion). 

TIuB  explanation  was  first  offered  by  Dalton,  &  schoolmaaler 

Mondieetcr  in  1802.    Borrowing  an  idea  from  tbe  speculations 

'of  the  Crock  pliilosophers,  he  called  the  particles  of  elements 

Moms  (C<k.,  nol  nd,  or  not  duHdcd).     The  iitoius  of  any  one  element 

tare-  :ill  aUkc  in  weight,  lui  well  as  in  other  properties,  but  the  atoms 

|of  different  elements  differ  in  weight. 

The  particles  made  by  uniting  two  or  owre  atoms,  as  in  forming 
particle  of  u  compound,  are  called  mol»cul«i  (Gk.,  a  liOte 

»)■ 
A  chemical  combination  of  two  fflmple  substances  consists,  then, 
'in  an  elaborate  re-groupitig  of  the  Htonis  of  both  i-l<-iiiciit8  so  that 
nu^ecules  of  the  compound  ari>  forme^i.  nffinitc  projxirlionH  by 
^weight  are  required,  in  order  that  the  atoms  of  each  element  may 
ic  available  in  the  correct  proportion,  1  atom  :  1  atom,  or  I  :  2, 
ar  2  :  3,  or  in  some  similar,  usually  iumple  ratio. 
The  result  was  called  the  atomic  ttieorr.  ]''or  long  it  remained 
hypothesis,  or  sort  of  Ruess.  Hecently,  however,  we  have 
^obtwned  independent  proof  that  molecules  and  atoms  are  real 
(siee  Radioactivity),  for  we  can  now  count  an<l  raeaflure  the  weiRht 
of  individual  molecules,  and  we  even  know  something  of  the  iixside 
structure  of  atoms. 

The  fundamental  numbers,  one  for  each  elemept,  being  tha 
rtlatlTS  w«lsliu  of  th«  atoms,  arc  called  atomic  w«lcbta. 
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Symboia  atut  Formulee.  —  One  seif-cvident  use  for  I 
atomic  weij;hts  is  in  atating  the  eompoeitioiiH  of  compouiide. 
mak«  the  HtateiiLeiit  as  simple  as  poaaiblc,  sjinbots,  tir»t  used  by 
Ilerzeliiia,  r«pr«Bent  tbo  fttomlo  iralcbt  of  each  element.  Thu8,  H 
staDdii  for  1.008  piirts,  or  1  atom,  of  hydrogen,  and  O  for  Ifi  parts, 
or  1  atom,  of  oxygen.  When  several  elements  have  the  same 
initial  letters,  another  letter  is  added:  C  for  one  atomic  weight  of 
carbon,  C«  for  one  atomic  weight  of  calcium,  01  for  3.'i,4fi  parts  of 
chlorine.  When  the  nanica  of  the  elements  are  not  alilw  in  a3\ 
Unguages,  the  symbol  is  frequently  based  on  the  Latin  name,  as 
Fe  for  iron  (/errum)  and  Pb  for  lead  {ptunibum},  or  on  the  German, 
us  K  for  potassium  (kalium).  The  symbols  are  international.  A 
list  of  the  elements,  with  their  symbols  and  atomic  weights,  iB 
printed  inside  the  bftek  t'ovcr  of  this  Ixiok. 

The  eoniix)»ilioii  of  wny  eomiKJund  eiiii  thus  be  stated  by  setting 
down  the  neeessjiry  symlwls,  together  with  the  whole  numbers,  if 
any,  by  which  the  atomic  weights  arc  multiplied.  The  result  is  a 
rormuU.  For  example,  ferric  oxide  codtains  iron  111,68  and  oxy- 
gen 48  parts  (p.  -11).  This  is  equivalent  to  iron  2  X  55.84  and 
oxygen  3  X  16.  This  again  is  tKiuivalent,  in  sjiiibols,  to  2  X  Fc 
and  30-  The  formula  is  written  FejOi.  Ferrous  sulphide  is  a 
simpler  case:  iron  55.S4  and  sulphur  32.06,  or,  in  symbols,  FeS. 
The  reader  should  now  examine  the  whole  table  on  p.  41,  and 
work  out  the  formula  of  each  compound  and  write  it  in  the 
margin. 

Equations.  —  It  is  now  possible  to  abbreviate  the  condensed 
statements  vtc  have  been  using  to  represent  the  substances  and 
their  ([Ufintities  in  chemicid  relictions.  Thus,  the  three  statements 
on  p.  32,  when  translated  into  symbols,  are  as  follows: 

8  +  20  -.  SOi. 
2P-I-50  — P,0»    (P  =  31.04). 
C  +  20-»C0,     (C  =  12). 

When  no  coefficient  appears  before  or  after  a  sjTnbol,  1  is  to  be 
imderstood. 

Much  practice  ia  required  to  enable  one  to  make  and  under- 
stand equatipns.  Tlie  reader  should  therefore  at  once  turn  back 
to  the  statements  on  pp.  S,  14, 17, 27,  and  28,  obtain  the  necessary 
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amic  weigbts  and  symboU  from  the  table  at  tbe  end  of  the  bookf 

id  construct  the  equation  in  each  ea£c 

The  tenn  "equation"  refers  to  the  fact  that  the  total  weight  j 
matter  oa  both  sidet;  is  iilwaj'K  the  same.     Iti  other  respccta,' 
such  a»  in  the  nature  of  the  aubstant-cs,  the  two  sides  arc  entirely 
differcut. 


Oerivalion  of  ForntuUe  from   Experimental  Data.  —  In 

the  condensed  statements  referrfxi  to  (by  pitRp)  in  the  foregoing 
section,  the  numbers  given  were  already  multiples  of  the  atoinio 
weights,  and  the  formulae  were  therefore  easy  to  make.  It  re- 
mains to  show  how  the  formula  may  be  constructed  from  the 
weights  obtained  in  an  experiment. 

In  tbe  quantitative  experiment  on  the  composition  of  cupric 
oxide  (p.  34),  the  proportion  found  was:  copper  8S,  oxygen  21. 
In  the  formula,  the  •s&.mv.  proportion  is  to  be  expressed  by  meaiu] 
of  multiples  of  the  utoiiiic  wciglits.  If  wc  divide  each  of  tbcss^ 
nuinben*  by  the  corretiporKling  atomic  weight,  the  quotient  will 
be  the  number  by  which  the  atomic  weight  must  be  multiplied. 
The  atomic  weights  are  Cu  =  63.57,  O  =  16.  85  -i-  63.57  =  1.3. 
and  21  -{-  16  =  1.3.    The  proportion  of  copper  to  oxygen  in  the 

.  63.57  X  1.3 

now  becomes 


ompound,  =t 


21  ' 16  X  1.3 

But  this  proportion  must  be  expressed  in  multiples  of  the  atomic 
ights  by  whoU  numbers.    Dividing  above  and  below  by  1.3,  we 
63.57  X  1 
16  X  I    ' 
Now  the  Eiymbob  rrtand  for  the  atomic  weights.    Substituting 

symbols,  the  proportion  becomes  ■'      -■■ .    The  formula  is, 

'ore,  CuO. 
Applying  the  same  process  to  the  case  of  sulphur  dioxide  (p.  35} : 


Sulphur  ^  32^  ^  32.06  x  1  ^  8x  I 
tbcygen      "32  IS  X  2        0x2' 


or  S0|, 


If  tbe  eompoeition  of  the  substance  has  been  stated  in  percent- 
the  same  device  is  used.    Thus,  the  case  of  sodium  sulphate 
works  out  as  follows: 
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BIwimU. 


Sodium 
Sulpbur    . 
Oxygen    . 


PkraDiaan. 


32  43 

33  SS 
45.02 


AbWt.    QiMrttsM 


Formu 


23  X  1  41 
3a  X  0-T05 
16  X  2.SH 


0.705 
0.706 
0-705 


NaX2 

8 
0X4 


Tho  formula  io,  therefore,  Na^O*. 

It  is  obvious  that,  after  we  have  found  out  what  elements  com-] 
pose  a  given  comi>ouiitl,  we  are  still  unable  to  write  its  formula.] 
We  may  not  simply  set  the  symbols  clown,  aide  by  side.  A  mea*-] 
urcment  must  be  made,  in  order  that  we  may  find  out  the  factors] 
by  which  the  atomic  weights  are  to  be  multiplied 

Anstcera  to  Some  Qitestiona. — Why  waa  a  wkoh  nuiiibCTl 
afiwgiicd  to  oxygen?     Oxygen  was  chosen  as  the  baain  of  the  system  I 
Ix'eause  the  exact  determinations  of  the  combining  weights  of  most  j 
of  the  elements  have  actually  been  made  by  direct  union  with 
oxygen,  or  with  Ihe  help  of  but  one  intermediate  step.     If  tho 
qucHtion  had  been  one  of  nmt  hematics,  hydrogen,  the  clement 
with  the  lowest  combining  proportions,  would  have  furnished  the 
basts  and  unit  of  the  sealc.     But  the  question  was  the  pritctiud 
one  of  getting  the  most  accurate  measurements  for  tho  relative 
itmgnitudes  of  the  numbers.     Hydrogen  combines  with  oidy  a  few 
of  the  elements,  and  the  proportion  of  hydrogen  is  usually  so  small 
that  (he  w<?ightK  of  this  clement  cannot  be  niejisured  so  aceiiratoly 
as  can  the  much  larger  weights  of  oxygen  and  of  the  other  elements. 
So  oxygen  was  selected  as  the  basid  cictneut. 

Why  was  16  assigned  to  oxygen,  rather  thiin  1  or  100,  or  some 
other  whole  nunilmr?  The  numlxT  16  waj*  chosen  in  order  that 
tho  advantage  of  having  ii  mathematical  unit,  or  soinelliiug  close 
to  it,  in  the  scjile,  might  be  retained  also.  With  this  value,  liydro- 
gcn  became  1.008.  A  whole  nuiulur  smaller  than  16  would  make 
the  atomic  weight  of  hydrogen  less  than  unity.  With  H  =  1, 
the  value  for  oxygen  becomes  nbout  15.9,  and  the  values  for  all  the 
elements  are  chan^d  in  proportion.  The  result  of  such  a  change 
would  be  that  the  values  for  the  common  elements  would  not  be  so 
close  to  whole  numberB  as  thev  at  present  are  (e^.,  0  =  12.00, 
N  =  H.OI,  Na  (sodium)  =  23.00,  K  =  39.1,  P  =  31.W).    With 
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O  =  16,  it  is  possible,  and  of  course  more  convenient,  in  many 
caem  to  use  the  nearest  whole  number  in  ordinary  calculations. 

The  answciv  to  the  two  foregoing  questions  show  why  the  scale 
[of  the  numbers  was  fixed  an  it  is.  Of  course,  Qiultiplying  or 
[dividing  all  the  iilonuc  weiglits  by  any  number,  nholv  or  fnivtionHl, 
Iwould  not  affect  ihdr  scientific  accuracy.  The  choice  of  scale  is 
iniercty  a  nuitter  of  eonvcuicncc 

Id  ph)-!<ie«  there  is  ouc  unit  of  nfight,  the  gram,  for  all  Icinds  of 
'matttT.  I»  it  the  case  that  in  chemistry  a  different  unit  of  weight 
is  employed  for  each  clement?  This  is  the  exact  situation,  and 
it  is  one  pecuUiir  to  (■hcmistry.  It  does  not  represent  »n  arbitnu-y 
ctstoti  of  the  chemi.it,  liowever.  It  is  due  to  the  fact  that  the 
htoms  of  any  one  eJemcnt  have  the  aame  weight,  but  that  the 
of  different  elempnta  have  different  weif^iti).  The  atom  of 
[ttranium  is  238  times  as  heavy  as  that  of  hydrogen,  and  its  com- 
bining  proportions,  therefore,  are  in  Renpral  greater  in  the  same 
itio,  while  the  atoms  of  the  other  clcmenta  have  weights  falling 
Btween  these  limits. 

There  is  still  one  question  to  l>e  asked.  Why  take  16  for  ony- 
pn  rather  than  8  or  32?  In  other  words,  may  we  not  mulliply  ur 
lividc  any  one  (or  mon;)  of  the  iWirufuaf  atomic  weights  by  a 
ole  number?  The  an)s«pr  is  that,  Ifnts  far,  we  have  not  met 
I  any  reason  for  not  domg  so.  With  0  =  8,  and  H  still  1,008, 
the  composition  of  water  would  be  represented  by  the  formula  HO 
instead  of  HjO  (wlw.'xe  O  =  16).  In  a  later  chapter  (Chap.  VIII), 
however,  w  shall  see  that  the  individual  numbers  actually  chosen 
«t  eertjiin  other  coii<!itions,  in  a^ldition  to  those  already  men- 
tioned, and  are  on  tJmt  account  preferable  to  (Uiy  other  set. 


■te  of  Multiple  Proportions.  —  We  have  already  met  with 
inBtancea  in  which  two  elements  combine  in  more  than 
ne  proportion  by  weight,  and  form  thereiore  more  than  one  com- 
fpound.  Thus  two  oxides  of  iron  and  two  chlorides  of  iron  have 
been  mentioned  (p.  41),  and  two  oxides  of  hydrogen,  water  and 
hydrogen  peroxide,  ore  known  (p.  43).  This  general  fant  wfi»  dis- 
covert before  t!ic  law  of  combining  weights  {p.  42)  ha<i  been  foi^ 
mulated,  and  is  a  particular  case  of  this  law.  It  was  discovered 
by  Dallon  (180!)  and  wiiw  embodied  by  him  in  a  statement  known 
as  the  law  of  multiple  proportlona,  which  ran  somewhat  as  follou-s: 
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If  two  alements  unite  in  more  Xhui  one  proportion,  formlnf  tvo  or 
more  compoundi.  th«  qiL&ntiUea  of  one  of  tlie  elements,  which  in  the 
different  compounds  ato  united  with  identicul  unounte  of  the  other,'  j 
■tftad  to  ome  anoUier  in  the  ratio  of  integral  numbers,  which  v« 
uaueJlf  small. 

The  two  chlorides  of  iron  illuBtnttc  the  law.  Ferric  chloride 
contains  iron  55^  And  chloriue  106.38,  and  ferrous  chloride  iroa 
55.84  and  chlorine  70.92.  Thus  the  quiiutitio*  of  chlorine  united 
with  identical  amounts  of  iron  (Damdy>  55.S4  parts)  stand  in  the 
ratio  lOft.38  :  70.92,  or  3  :  2. 

Exercised.  —  1.  From  the  data  on  p.  9  and  the  atomic  weifihta, 
calculate  the  formula  of  leiwi  oxide,  CV)nfttruct  aiRO  the  equations 
for  the  decomposition  of  potiiK^ium  chlorate  (p.  27),  and  for  the 
oombinatJoii  of  pho-tphom.-t  niitl  oxygen  (p.  32). 

2.  When  1  g,  of  sodiuiii  buras  in  oxyRpn,  it  produces  1.7  g.  of 
the  oxide     What  i.s  tlie  formula  of  the  latter  and  the  equation? 

3.  If  26  g.  of  mercurouft  oxide  are  required  to  give,  by  heating, 
1  g.  of  oxygen,  what  is  the  formula  of  the  substance? 

4.  What  are  the  formulie  of  the  substances  poBBcsaing  the  fol- 
lowing percentage  compositions? 


I 


1 
MagnDdutn,  2fi..5T 
Chlariiie.        74.43 


U 

Soiliuin,  32.43 
Sulphur,  22,85 
Oxj'grji,   45.03 


m 

Fotssauum,  26.585 
Chromium,  311  39(1 
Oxygm.       3S.02I> 


5.  What  are  the  percental  compositiona  of  aubstanres  posseas- 
iug  the  following  formula:   Mn,(>t,    KBr,    FeSO,? 

6.  Compare  the  formula  of  mercurous  oxide,  found  in  3,  with 
that  of  mercuric  oxide,  and  show  how  the  compounds  illustrate 
the  law  of  multiple  proportions  (p.  48). 

7.  If  the  atomic  weight  of  potassium  were  13.03,  and  the  other 
atomic  weights  were  uticbang(>d,  what  would  be  the  formulie  of 
(a)  potassium  hydroxide,  oud  (6)  potaeBium  chlorate? 
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HTDROaBN 

11a>ik<)  loflrmHl  somothiiiR  of  the  nature  of  the  atrooaphere, 
and  pariituJarly  of  oxygen,  its  moet  active  component,  vre  turn 
ROW  to  water,  a  substance  a&  cloeely  connected  with  our  daily  life 
Bs  a  air.  Wc  fiud  Uiat  il  is  a  cuinpouud  of  oxygeii  and  hydrogen, 
and  the  latter  element,  therefore,  may  l>e  taken  up  next.  Hydro- 
gen in  of  interest  on  it^  own  account  because  it  is  often  uacd  in 
fillinx  balloons,  and  nearly  half  the  bulk  of  ordinary  illuminating 
p»  ifl  free  hydrogen. 


k 


HUftory.  —  Tliat  hydrogen  is  a  distinct  kind  of  gae  was  first 
blisbed  by  C^avendish  (1766).  Somewhat  later  (1781).  he 
iwcd  that,  when  it  burned  in  the  hit,  it  gave  a  vapor  which 
could  be  condcn^  to  liquid  water.  Since  oxy^u  was  then  known 
to  be  the  8ul>stance  with  which  oonibii.stilil(^  united,  tlus  proved 
tJiat  water  was  a  couipound  of  h^-drogeu  |,Gk.,  iralcr  produar)  and 

I  Occurrence.  —  Free  hydrogen  is  found,  mixed  with  varying 
proportions  of  other  giiscs,  in  exhulntions  from  volcujioeti,  in 
pockets  found  in  certain  hiycrs  of  the  rock-salt  deposits,  and  in 
some  meteorites.  The  iiir  contains  not  o\'er  I  port  in  1,300,000. 
TTie  lines  of  hydrogen  are  prominent  in  the  spectra  of  tlie  sun  and 

.,ot  most  stars. 

In  combination,  it  constitutes  about  11  per  cent  of  water.    U  is 

'an  essential  constituent  of  all  ucida.     It  is  contained  also,  in  com- 

_binAtioii  with  carbon,  in  the  components  of  natural  gas,  putri^cum, 
id  all  animal  and  vegetable  bodies. 

Preparation  by  the  Action  of  Metals  on  Cold  Water,  ■ — 

To  liixTftte  hydrogen  from  water,  it  is  neceesary  to  use  some  ele- 
ment with  which  the  oxyeen  of  the  water  wQl  combine  oven  more 
eagerly  than  with  hydrogen,  and  to  offer  this  element  in  exchange 
the  hydrogen. 
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The  more  active  mvtft]^  such  us  pota^um  (K),  sodium  (Na], 
or  calcium  (Ca),  displHCf  liydrogc-ii  rupidly  from  oold  water.  Po- 
tassium and  sodium  arc  liglik-r  iIuid  water,  ami  Qoiit  uii  tlif  sur- 
face In  the  cai«.'  of  the  formt-r,  so  much  heat  is  lil)orat«d  that  the 
hydrogen  catches  fire,  iind  with  neither  mta«i  is  the  exponment 
safe  in  the  handa  of  a  novice.  Cftlciuni  sinks  tu  the  bottom,  and 
acts  rapidly,  but  not  violentlj",  so  that  the  gtis  is  ensily  collected 
(Fig.  22).  The  pioccs  of  these  metals,  of  course,  act  upon  only  a 
small  t>art  of  the  wal^r  in  the  vessel.  In  each  case 
the  metal  displaws  one-half  only  nf  the  hydrogen  in 
that  pftrt  of  the  water  upon  which  it  acts.  The 
other  products  arc  the  hydroxides  of  potassium, 
sodium,  and  calcium,  rpupectively.  The  two  former 
dissolve,  leaving  a  clear  liquid  when  the  metal  is 
all  Ronc,  but  may  be  recovered  as  white  solids  by 
eva|H>ration.  'I'he  calcium  hydroxide  (slaked  lime) 
is  dissolved  only  in  part,  and  much  of  it  may  l>e  seen 
auqiended  in  the  water  after  the  action. 
An  alloy  of  lead  with  sodium  (35  per  cent),  sold  under  the  name 
of  hydron*,  affords  a  convenient  substitute  for  sodium  in  the  fore- 
going actions. 

Thv  Making  of  Efitiation*.  —  To  make  an  equation  we  must 
have  the  result.^  of  tiuantitative  measurements.  Theiw  rurnish 
us  with  the  comiKsiition  of  each  substance  concerne<i.  The  com- 
position, expressed  in  multiples  of  the  atomic  weights,  is  recorded 
in  the  formula  for  the  substance.  If  we  are  in  jxtsse-ision  of  llie 
ncoesaary  formulie,  we  can  write  the  equation. 

For  examjtle,  the  composition  of  water  is:  hydroRen  2  X  1.008, 
oxygen  16.  In  symbols,  this  is  2H  and  0,  and  the  formula  is, 
therefore,  HiO,  The  composition  of  potaasium  hydroxide  is: 
pota^isium  39.1,  oxygen  10,  hydrogen  1,0(^,  and  Hie  formula,  there- 
fore, KOH.  In  calcium  hydroxide  the  proportions  are:  calcium 
40.07,  oxygen  2  X  16, hydrogen  2  X  1 .008, andthe  formula  Caf OH)i. 

To  m&ke  cha  equation,  we  first  write  down  the  formuto  ol  the  aub- 
Bt«Dcee  used  wid  producod: 

K  +  H,0  ^  KOn  +  H. 
Na  -I-  H^  —  NaOH  +  II. 
SkiMtm:  Ca  -h  H^  -.  Ca(OH),  +  H. 
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Vvxt  we  must  bkUnee  this  eqiution.  if  neoeS8ar>'.  That  is,  we ' 
must  adjUEtt  it  so  that  there  are  equal  numbers  of  atomic  weighta 
(or  atoms)  of  each  element  on  botli  sides  of  the  equation.  This  ia 
necessary  only  in  the  third  equation,  and  is  done  because,  accord- 
ing to  the  law  of  conservation  of  majsa,  thtre  reiiiHt  be  the  same 
quantity  of  ejtch  element  after  the  reaction  as  there  was  before  it. 
On  examining  the  thinl  equation,  we  note  that  there  is  20,  in  the 
{OH)j,  on  the  rif^t  side  and  only  ()  on  the  left.  We  thercforo 
place  a  2  in  front  of  the  U^O,  for  wc  caimot  get  the  additiomil  oxy- 
gen excepting  by  usbg  more  water: 
Balanced:  Cft  -f-  2H,0  -♦  Ca(OH))  +  2H. 

The  number  of  atomic  weights  of  hydrogen  is  made  equal  by  using 
2H  on  the  right  ludc 

The  ooefficieuts  in /run!  of  a  formula  multiply  the  u'ftof*!  formula,  i 
Thu»,  2HtO  ia  itquivalcut   to  2(H,0).     A  ttuliscript   coefficient 
/oUoifin^  a  symbol,  however,  multiplioi  that  symbol  only.    Thus 
H,0  is  equivalent  to  (H),0,  or  (2  X  H  +  O). 

four  SlHint  In    Making  an    Etjuatiofi' — I.    I^nd   out,   by 

obser\-atioii  luni  rxixtrimvnt,  wfuU  gub^Uxrwe*  are  uaed  and  what 
aubstanoes  arc  produced. 

2.  Find  the  formula  of  each  substance  used  or  produced. 

3.  Set  the  formuhe  down  as  n  Kkeleton  equation,  placing  the 
formulae  of  the  Bubsiaiioex  used  on  the  l^l,  anrl  of  those  produced  on 
the  Tinht. 

4.  Adjust,  or  balance  the  equation,  if  necessary. 
The  reader  must  practice  the 

making  of  equations,  until  he  cjin 
do  it  quickly.  The  text  contains 
many  equations,  but  more  usu- 
ally only  the  data  required  for 
making  them  (the  formuls  of  the 
8ubetiuic«8)  are  given. 

Hydrogen  Jrom  Metabarid 
Water  at  a  High  Tempera- 
ture. —  With  itwun  wt  n  n-d  *^  ^ 
heat,  metnU  like  iron,  liuc,  and  miiguosium  interact  vigoroudy.  The 
8tcam,generatedinaflaKk,  i^nl«raatoiieiiid  of  the  tube  containing 
ibe  metnl  (Fig.  23),  and  the  hj'drogen  passes  off  at  the  otlwr.   Since, 
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at  a  red  h«at,  all  hydixnidcs,  except  those  uf  potnsuum  aud  sodium, 
are  decomposed  into  an  oxiile  of  the  iiiotal  aud  water,  a»,  for 
example,  Mg(OH),  —  MgO  +  HjO,  the  oztike  are  formed  in  tbis 


I 


Mg  +  H,0-.MgO  +  2H. 
Iron  gjvM  the  magDcUc  (»ddc  FetO*. 

Making  Equations,  Again.  —  The  skeleton  equatiou  fori 
actioQ  uf  iroD  oil  steaui  'us: 

Skeleton:  Fc  +  H,0  —  Fc-0.  +  H. 

We  ore  not  permitted  to  alter  these  formuls  ihemHelve.i,  but  we 
may  put  coefficients  in  front  of  any  of  them  to  make  the  number 
of  atomic  weights  alike  on  both  sides,  A  useful  rule  is  to  pick  out 
IA«  largest  formula  and  reason  back  from  that.  Here,  this  ia 
Fe»Ot.  To  get  Fct,  we  must  start  with  3Fe,  and  to  get  O4,  wc  must 
Btart  «-ith  4HiO: 

Balanoid:  3Fe  +  4H,0  —  FeA  +  8H. 

Acids,  —  In  making  hj-drogen  in  the  laboratoiy,  the  acids  are 
used  almoRt  exclusively.  The  common  acida  are  hTdroohlorio  add 
(HCl,  Aq),  aiid  ■ulpburio  acid  (II^O(,  Ari).  The  usual  forms  are 
mixtures  containing  wat«r,  the  variable  amount  of  the  latter  being 
indicated  by  the  symbol  Aq.*  The  former  is  a  solution  of  a  gas, 
hydrogen  chloride.  The  "pure  concentrated"  hydrochloric  acid 
uaed  in  laboratories  contains  ncsrly  as  much  of  the  gas  (30  per 
cent  by  wciglit)  as  the  wat«r  can  dissolve.  The  "commercial" 
acid  contains  impurities  Jind  ia  also  less  concentrated.  The  "con- 
centrated" sulphuric  acid  is  an  oily  hquid  containing  practically 
no  water.  Tlie  "commercial"  sulphuric  acid  contains  6  to  7  per 
cent  of  water,  besides  impurities.  Aotlo  add  (HCO|CHi,  Aq)  is  a 
solution  of  a  liquid  in  water,  and  is  the  acid  found  in  vinegar. 

All  the  "dilute"  acids  cuntiiin  70  to  80  per  cent  of  water.  Tho 
water,  as  a  rule,  takes  no  iwirt  in  the  chemical  changes  in  which  tlio 
acids  arc  concerned,  and  is  therefore  omit1«d  from  the  equations. 

'  The  formuln  HjO  Mituida  few  a  fined  proportion  of  water,  iiiuui^ly  18  purta. 
Thp  wttUir  in  t.hcw  wuliltioni  ia  not  mmbinnl,  nnd  mn  be  varied  in  amount,  so 
that  the  tonuula  HiO  may  not  lo|[icnlly  be  employed  here. 
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Tfcc  tuunp  "iirid"  18  rpstrict*^!  to  one  eliiss  of  sutjetaticcs  havbg 
ocrtuin  dt^&nitv  ciuiruct.<.'ri»tic».  Hydrogen  is  the  utif  rjv^entinl  con- 
stituent of  aU  acid».  I'hcir  aqueous  solutiuii^  liiiw  u  !<our  tiiMe  and 
change  the  color  of  litmus  from  blue  U>  red.  When  frtv  from  water 
they  do  not  conduct  electricity.  When  <iisi«o]ved  in  water  they 
conduct,  and  are  decomixwt^l  by  the  electric  current.  In  aqueous 
solution,  aiito,  their  hydrogeit  (or  one  unit  weight  of  it  in  the  csise; 
of  acetic  acid)  is  displaced  by  certain  metals 

^^  RadicaU.  —  In  deHcribing  the  chemical  behavior  of  acids,  we 
speak  of  the  hydrogen  as  the  pocltlva  radical,  t>ecauHe  in  electrolysis 
(see  p.  J>i))  it  is  attracted  to  the  necntive  [lole,  ami  of  the  material 
combined  with  the  hydrogen  as  the  DeKatlvs  radical,  Itecauite  it  in 
attracted  to  the  positive  pole.  Thus  tbe  negative  ra<licals  in  the 
atMjve  acids  are  CI,  SO4,  and  COjCHi,  rcapectively.  The  first  (CI) 
is  a  simple  ra<lical,  the  others  are  compound  radicals.  In  many 
interactions  tbe  compound  radicij»  move  as  units  from  one  state 

K  combination  to  another. 
Preparation  by  Diaplaeement  from  Diluted  Acids.— 
■ery  one  of  the  metals  wliich  displace  hjdrogcn  from  water  will 
abo  displace  it  from  dilute  axitis.  The  acids  must  be  dUtOed  with 
water,  unles;,  like  hydrochloric  acid,  thoy  arc  already  dissolved  in 
water.  The  action  is  much  inure  vigurouK  than  that  on  water,  so 
that  the  iiKHt  active  metals  are  nut  eiiiplo>x-d.  Mctabt  like  zinc, 
iron,  and  aluminium  »erve  the  purpose.  The  mctid  combines 
with  the  ur^itive  rudiad,  and  so  lilxtrates  the  hydrogen,  which 
e8capc«  iu  bubbles.  Evaporation  of  trhe  clear  liquid,  when  the 
metal  has  all  dii<appeared,  givt»  in  dry  form  the  couipound  of  the 
metal  with  the  negative  radical.  Thus,  with  zinc  and  dilute 
sulphuric  acid,  zinc  sulphate  KnBOi  is  produced. 

SkflHon:  Zn  +  11,80,  —  ZnSO*  +  H. 


Baianeeil: 


Zn  +  IUSO4  —  ZnSO,  +  2H. 


With  aluminium  and  hydrochloric  acid,  the  product  is  aluminium 
chloride  AICI,: 

Skddon:  AI  +  HO    -»A1CI,  +  H. 

Balemevi:  Al  +  3Ha-*AlCl,  +  3H. 
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The  water  trndargoes  no  cbnogc  during  the  action,  although  it 
presence  is  essential.     It  is  simply  a  part  of  the  apparatus.     Any 
acid  may  be  uaed,  although  with  many  the  action  goes  on  very 
slowly. 

For  preparing  sninll  uinounls  of  hydrogen,  the  apparatus  (Fig, 
24)  is  such  that  additiouiU  acid  may  be  added  through  the  thistle-. 


rta.M. 


R<i.3i>. 


Fio.  asb. 


or  atufcty  tuiw.    This  avoids  opening  the  flask  and  admitting  lur. 

Th«  gjis  may  bo  enuglit  like  oxygen  over  water  or,  bt-iiig  lighter 
than  air,  may  be  collected  by  downward  diaplao«- 
m«nt  of  the  latter  (Fig,  2.5ft}.  Htavy  gsist-s  are 
coUcetcd  by  upward  di«plac«m>nt  of  air  (Fig, 
25b). 

With  n  KippV  apparatus  (Fig.  26)  the  gas 
may  Ixf  made  on  a  large  scale  aiid  its  drlivi-ry 
can  bo  reguluted.  When  the  stream  of  gas  is 
shut  off  ijy  the  stopcock,  the  pre.s.'nire  of  thft 
gas,  as  it  eontiuues  to  be  generated,  drives  the 
acid  away  from  the  metal  and  up  into  the 
gjobc  alwve,  so  that  the  action  eeft.'«cs.  Yet 
the  Action  is  ready  to  begin  again  tlie  moment 
any  portion  of  the  stored  gas  is  drawn  off  for  use. 
Silver,  gold,  and  platinum,  which  do  not 
combine  with  free  oxygen,  and  even  copper 
and  mercury,  which  do,  arc  all  unable  to  lib- 
*•  crate  hydrogen  and  to  form  oxides  when  heated 

in  steam.     When  treated  with  dilute  acids,  none  of  those  metaU 

is  able  to  disphtee  and  liberate  the  hydrogen  (see  order  of  activity 

of  the  metals,  p.  59). 
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Contact  of  the  zmc  (h*  iron  with  an  inactive  metal,  Uke  pl^t^nu^n 
or  copper,  fonns  an  electricaJ  couple  and  hastens  the  interactioa. 
For  the  same  reason,  commercial  zinc,  which  contains  traces  of 
other  metals,  gives  a  steady  m'olution  of  hydrogen,  while  extremely 
pure  sine  is  almost  inactive. 

Th^  Third  Variety  qf  Chemicat  Change:  Oiaplacement. 

—  The  reactions  used  in  liberating  hydrogen  illustrate  the  third 

of  th('  four  common  forms  of  chfiniinl  chungp.     Here  a  simple 

■ubatance  (the  nietal)  and  a  compoimd  (the  »ci(l)   Interact;   tbe 

compound  U  illTid«d  Into  ita  redicnla; 

and  the  simple  substance  combines 

with  one  radical  while  the  other  radical 

U  Uberat«d.   Th(.'  intcmctiiii;  clement, 

hi'rc  the  m<.'tal,  is  s:vid  to  displace  the 

other  clement,  here  the  hydrogen,  from 

combinntion.   The  notion  of  in«tals  on 

water  18  u  di^laccmeiit  ahto. 

Prepixration  of  Hydrogen  by 
Electrolygia,  —  If  we  dissolve  any 
acid  in  water,  and  imniorse  the  wires 
from  a  battery  in  the  aolution,  bubbles 
of  hydrogen  beg^a  to  appear  on  the 
negatice  wirfi  (the  cathode)  and  rise  to 
thesurfncc.  AUtheotherconstituent^, 
whatever  they  may  be,  are  attracted 
to  the  positive  wire  (the  anode)  and, 
therefore,  do  not  interfere  with  the 
collection  of  pure  hydrogen.  Anappa- 
ratu»  de^'ised  by  Hofmann  (Fig.  27) 
iimbles  us  to  secure  the  hydroKen, 
wtiioh  a-scenda  on  the  left  aii<i  aecumu- 
Iat«8  at  the  top  of  the  tube,  displacing 
tbeaolution.  When  hydrochloric  acid  is  used:  HCI-*H  (ncg.  wire) 
+  CI  (pofl.  wire),  the  chlorine,  a  soluble  gas,  remains  <ii.'ii»^oIvcd  in 
the  wHl«r  near  the  positive  pole.    When  sulphuric  acid  is  employed : 


Fni,  7!. 


H^Ot  -•  2H  (nc«.  wire)  +  SOi  (pos.  wii«). 


(1) 
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The  SOt,  however,  acts  upon  the  water: 

SO,  +  HiO  —  H»SO«  +  0. 


(2)' 


Thus,  the  sulphuric  acid  is  re-formed,  round  the  positive  wire, 
and  only  hydrogen  and  oxygen  are  Qnally  liberated. 

Decomposition  of  a  compound  by  the  ubc  of  electrical  energy  is 
railed  elcctrolysla  (Gk.,  dtxomposUion  by  electricity). 

The  Other  Waya  of  Preparing  Hydrogen,  —  For  special 
purposes,  hydrogen  may  be  made  by  boiling  an  aqueous  solution 
of  sodium  hydroxide  with  tduiniiiium  turnings,  when  sodium  alumi- 
natc  is  formed:  Al  +  NaOH  +  H,0  -•  NaAlOj  +  3H;  also  by 
hejiting  powdored  zinc  and  dry  sodium  hydroxide,  the  product 
bcmg  sodium  zincate;  Zn  +  2NaOH  -•  NaaZtiOi  +  2H. 

Sources  of  the  Hydrogen  of  Commerce.  —  Zinc  is  too 
expeiiMve  a  substance  to  uau  in  the  prt-paratiou  of  hydrogen  in 
large  (|uitntitie8  for  commercial  purposes.  Wc  realize  this  when 
we  note  that  33  parts  of  zinc  will  Uberutc  only  one  purl  of  hydrogen, 
so  that  with  1  lb.  of  tine  wc  obtiun  only  one  half-ounce  of  the  gas. 
Differpjit  .iQurofts  are  used  in  differcJit  localities  and  countrit«. 

The  lartp^st  supply  is  probaMy  obtained  as  a  by-product  in  the 
electrolysis  of  an  aqueous  solution  of  common  salt  (NaCl),  in 
connection  with  the  manufacture  of  caustic  soda  (sodium  hy- 
droxide, <].v.).  The  hydrogen  is  collected  and  compressed  in  steel 
cylinders. 

In  some  circumstances,  the  method  of  passing  steam  over  heated 
iron  is  used  (p.  51). 

Another  plan  is  to  li<iuef y  water^^as  (q.v.),  a  mixture  of  hyiirttgen 
and  carbon  monoxide.  The  hydrogen  evaporates  much  the  more 
readily  of  the  two,  and  can  thus  be  separated.  This,  an<l  still 
other  processes,  involve  suljstancea  and  reactions  which  we  have 
not  yet  encountered  and  will  be  mentioned  at  the  appropriate  points, 

Phyatcal  Propertiea.  —  Hydrogen  is  a  colorless,  tasteless, 
odorless  gas.  One  hter  weighs  only  0.08987  g.,  wliile  one  Utcr  of 
air  weighs  1.293  g.  Air  is  thus  14.5  times  heavier,  and  hydrogen 
cau  be  poured  upwards  (Fig.  28)  and  is  used  for  Glling  balloons. 
Hydrogen  was  first  liquefied  in  visible  amounts  by  Dcwar  (1898). 
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The  cntiesl  tempernturc  is  -234°.    The  coloricas  liquid  boils  at 

—  252.5"  and,  whea  allowed  to  evaporate  rapidly  under  reduced 

prewure,   freeaes   to  «   color- 

IciB  solid  (m.-p.  -2tJ0«).     All 

other    gases,   except    helium, 

8oU(Ufy  easily  when  led  into  a 

vcfisel    surrounded   by    liquid 

hydrogen. 

Hydrogen  is  even  k«8  sol- 
uble in  water  than  is  (»o'Sen, 
1.8  voIum<^  of  the  gus  dissolve 
ui  100  voIuiiKw  of "  fttor  lit  15°, 
Hydrogen  is  nhftorix'd,  for  the 
most  ptxrt  in  a  purely  mechan- 
ical wny,  by  many  metals. 
Heftted  iron  will  take  up  19  fto.  aa. 

times  it.^  volume  uf  hydrogen,  gold  takes  up  46  volumes,  pliilinum 
in  fine  powder  50  volumes,  pallatUum  502  volumtn,  and  silver  none. 
The  nmximum  abaorbed  by  palltulium  under  favorable  oondltionA 
in  873  volunwB. 

nHfuaion.  —  When  two  cylinders,  one  filled  with  hydrogen 
and  one  with  air,  are  plaeed  mouth  lo  mouth  (I'"iK.  29),  so  that  the 
one  contAiiiing  hydrogen  is  uppermost,  since  the  air 
in  the  lower  c^'linder  is  14.A  times  hea\~ier  than  the 
hydrogen,  we  might  expect  the  gases  to  remain  in 
their  respective  cj-Iinders.  The  air,  however,  makes 
its  way  into  the  hydrogen  above  it,  and  the  hytirogen 
penetrates  into  (he  air  in  the  lower  cylinder  so  that, 
in  a  short  time,  the  gasea  are  perfectly  mixed,  just  as 
if  gravity  did  not  exist.  The  same  phenomenon  is 
observed  when,  in  e^-erj-day  hfe,  a  bottle  of  scent  is 
The  vapor,  on  escaping,  be^ns  to  penetrate  in  all 
directions  through  the  room,  showmg  its  presence  by  its  odor. 
The  material  of  gasos  has  in  fact  an  independent  power  of  loco- 
motion. The  resulting  phenomenon  we  call  diffuwtn.  It  is 
constant  m  rate  for  each  gas  under  like  conditions,  and  hydrogen 
baa  the  greatest  speed  of  diffusion  of  all  the  gases. 
The  different  rates  of  diHusion  of  differant  gMse  vo  easily 


Tta.m. 

opened. 
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shown  by  oomparing  their  several  speeds  with  that  of  nir,  when 
both  pass  through  a,  wall  of  iinj^ased,  porous  porcelain. 

The  poroiis  ryliiuler  A  (Fig.  30)  coBttuns  air  and  is  comioctcd  by 
a,  rubber  stopper  with  »  wide  ttibe  which  dips  beocAth  thi;  surfftt-c 
of  the  water.  Wlien  a  cylinder  U  containitig  hydro- 
gen is  brought  over  it,  rapid  escape  of  gii.<  tak«*  place 
through  the  water,  showing  that  a  rise  in  pressure  lias 
taken  place  inside  the  porous  vessel.  Before  the  cylui- 
der  of  hydrogen  approached  the  porous  vessel,  the  air 
was  mo\'ing  both  outwards  and  inwards  through  tJm 
]M>ropJain,  but,  being  the  same  air,  llie  speeil  of  mot  ion 
was  equal  in  both  directions,  and  therefore  the  pres- 
sure inside  was  not  affected.  It  is  impoHant  to  note 
that  there  was  at  no  time  rest,  there  was  simply  equal 
motion  in  both  directions.  When  the  hydrogen  at- 
mosphere surrounded  the  cylinder,  the  hydrogeu  gas 
moved  more  rapidly  into  the  cylinder  than  the  air  in- 
side coul<l  move  out,  and  hence  an  excess  of  preesure 
quicidy  arose  in  th<^  interior. 

Exact  measurement  shows  that  the  lighter  a  gas  is 

in  bulk,  the  faster  its  parts  move  by  diffusion  in  any 

The  rate  ia  inversely  proportional  to  the  square  root  of 

Thus,  for  hydrogen  and  air  it  is  in  the  ratio 


Pin.  80. 


direction. 

the  density  of  the  gas. 

^1:293  :  v'oOSS?,  or  3.8  :  1. 


Fid.  si. 


Chemical  Properties.  —  Hydrogen, 
delivered  from  a  jet,  bunii«  in  iiir  or  pure 
oxygen.  A  cold  vessel  held  over  (hii 
almost  invisible  blue  flume  condenses  to 
droplets  of  water  the  stcJim  that  is  pro- 
duced (Rg.  31).  When  hydrogeu  and 
oxygen  are  mingled  in  a  suitable  burner 
(1-^g.  32),  although  the  flame  gives  littJe 
light,  it  is  exceedingly  hot.  Platinum 
melts  in  it  easily  and  an  iron  wire  burns  brilliantly.  In  a  closed 
space  it  producer;  a  temperature  of  over  2500°.  When  the  flame  is 
fdlowed  to  play  on  a  piece  of  riuicklime,  tlic  latter  tx-come.'s  white- 
hot  at  the  spot  wher«>  the  flame  meets  it.  This  result  is  called  a 
calcium  llfbt  or  Uma  tight. 
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When  hydrogen  and  oxygeii  are  mixed,  the  chemical  action  ia  i 
ver>'  slow  at  onliiiAO'  temperatures,  no  pcrcrptible  amount  of  union' 
occurring  in  a  period  of  five  years.    If  the  mixture  is  sealeii  up  and 
kept  at  300°,  after  several  days  a  small  part,  is  found  to  have  com*  < 
bined  to  form  water.    At  618°,  hwira  are  required  before  the  unioal 
is  complete.     At  700'*  the  combination  is  almoeit  inRtantanPou?. 
Hence  contact  with  a  body  at  a  bri(^t-red  heat  is  required  actuuUy 
to  explode  the  mixture. 

Finely  divided  platinum,  when  h^td  m  the  cold  mixture,  hastenij 
the  union  (othcrH'im>  vaiii»hiiiRly  .ilow)  in  the  part  of  the  teased  ia1 
contact  with  it.     I'hc  heat  of  the  union  raises  the  temporature  of 
the  platinum  and  of  iieij^hhoriitf;  portions  of  the  gas  and  cansefi 
explosion  of  the  mass.     The  platinum  is  simply  a  contact  agent 
(p.  29)  and  rrmaina  itself  imaffpcted. 

Hydrogen  unites  <Urectly  with  a  minority  only  of  the  simple 
8ul>stanoes.  It  combinf^  rapidly  with  oxj^n,  chlorine,  fluorine, 
and  lithium,  and  more  slowly  with  a  few  others. 

Hydrogen  acta  also  upon  some  of  the  compoimds  of  metals  with 
oxyRen  or  chlorine.  Thus,  when  any  one  of  tbo  cnddes  of  iron  ia 
heated  in  a  tube  through  which  hydrogen  flows,  the  latter  com- 
bines with  the  oxygen  to  form  water,  and  the  metal  is  liberated. 
Tlio  skeleton  equation  (p.  51}  is:  FfiO,  +  H  -•  HjO  +  Fc.  We 
then  reason  that  Foj  will  give  3Fo,  Since  all  the  oxygen  is  removed 
from  the  compound,  O4  will  give  4HiO.  To  produce  this,  8H  is 
nxiuircd.    Hence: 

FcO.  +  8H  —  4HiO  +  3Fe. 

This  interaction  is  classed  as  a  displacement.  In  dcacribing  it  the 
chemist  would  also  say  that  the  hydrog(^>n  has  been  oiidixed  and 
that  the  oxide  of  the  metal  luut  been  rtdvced  (pp.  36-37). 

The  Ord«r  0/  Activity  of  the  Mtitab.  —  We  employ  metals 
BO  frequently  in  chemistry,  that  wc  must  at  once  l)Ccomc  familiar 
with  the  key  to  the  main  differcnws  in  their  behavior.  TbflJ 
order  of  their  activity  explains  these  diflcrenccit,  as  well  as  many 
other  forts.  In  the  adjoining  liat,  the  most  active  metals  are 
at  the  top.  Hydrogen  is  not  a  metal,  but  k  included 
chetaically  it  reMRibles  the  metals.  AI)  the  metals  above  hydrogOB 
disfdac*  tJiis  element  from  dilute  aeids  (and  from  water),  whi]«| 
tboee  bdow  it  do  not. 
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The  first  displaces  the  hyclrogeti  from  water  violently,  the  i 
leRS  vif^routtly.  MaKnesium  berely  nct^  on  hoilinK  water,  but,  like 
iron,  acta  on  superheated  steaui.  Zinc  lilierates  hy- 
droKen  with  reasonable  vi|{or  from  dilute  acids,  lead 
rather  feebly,  and  copper  and  those  following  not  at 
all. 

Other  facta  are  explained  by  the  table.  Thus,  when 
the  metals  are  heated  in  pure  oxygen,  the  last  two 
do  not  combine.  Those  above  silver  do  unite  with 
oxygen  —  mercur>'  rather  slowly  and  the  others  mora 
and  more  energetically  aa  we  ascend  the  list.  Again, 
if  we  take  the  oxides  of  the  metals,  wc  find  that  those 
of  the  nietala  up  to  and  int^luding  mercury  lose  all ! 
their  oxygen  when  hi«lcd.  If  wo  liwit  the  oxides,  Hud 
lead  hydrogen  over  them,  the  oxj-geii  is  easily  removed 
from  all  the  ijxid*^«  up  to  and  including  tho?i-  of  iron, 
Icflviiig  in  eaeh  cane  the  metal.  Ilius,  i[i  gt^ienil, 
the  more  active  metals  form  the  most  stable  com- 
pounds. 

The  nietftla  following  hydrogen  are  the  ones  which 
arc  fo*md  in  nature  in  large  amounta  in  the  free  con- 
dition. 


Om>cb  or 
AdTvnr. 
Mn*i« 

PotMdiuui 

Sodiiitn 

C«loiUin 

MagDMiuB) 

Aluminium 

Manpaan 

Zinc 

Chromium 

Iroa 

Nickel 

Tin 

Lciui 

Bydrogea 

Bismuth 

Antimony 

Mwvury 

SUver 

I'latiuum 

Gold 


Exercises.  —  1.  Make  equations  for  reactions  in  which  hydro- 
gen is  liix-rated  by  the  action  of:  (a)  hydrochloric  acid  and  mag- 
nesium giving  Mg('lj,  (b)  steam  and  zinc  ^ving  ZnO. 

2.  Make  an  equation  for  tlie  action  of  heat  on  maoganese 
dioxide  MnOi  ^ving  oxygen  and  MuiO*. 
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VALENCE.     CAI^DI^TIONS 

Equivalence  and  yalenct.  —  If  the  eqitatjonfl  showinx  <]■»• 
l^acement  of  hyttrogerD  by  a  invtal  be  now  ro-cxamiocd,  a  peculiar- 
ity will  be  ohse-n'ed  which  wc  have  thu»  far  omitted  to  note.  When 
sodium  (p.  50)  and  calcium  (p.  51)  act  upon  wutcr,  chic  atomic 
weight  (or  atom)  of  tbc  former  displaces  one  atomic  wci^t  of 
hydrogen,  but  on«  atomic  W4»glit  of  the  i&tUxr  displaces  twice  as 
much  hj'dro^ii.  Agitin,  ouc  atom  of  line  (p.  53)  disphices  two 
atoms  of  hydrogen,  but  ouc  atom  of  iduniiiiium  displaces  three. 
AaauminK,  for  simplicity,  that  wc  allow  three  of  these  metals  all 
to  act  upon  dilut«  hydrochloric  acid,  the  equations  are: 


Na  +  HCl 
Ca  +  2HCI 
Al  +  3Ha 


»Xaa  +H. 
»Can,  +  2H. 
•  AICI,  +3H. 


Iircting  thi»,  we  perceive  that  the  atom  of  aluminium,  for 
example,  dlsplacra  3H,  becaiut  it  is  able  to  con^ne  m^  3Ct,  Mid 
so  incidentally  lilx^rates  the  hydrogen  formerly  united  with  SCI. 
The  atom  of  xodium,  however,  can  unite  with  only  K'l,  and  so 
only  IH.  Now  this  la  not  a  rule  confined  to  those  ro- 
ans, but  repreaents  a  general  chemical  property  of  the  atomio 
weight  of  each  element,  and  a  property  which  we  shall  find  most 
useful. 

The  atom  of  aluminium  releasee  3EI  because  it  can  take  the 
place  of  three  atoms  of  hydrogen  in  chemical  cMnbination  (and 
hold  3C)).  The  atomic  weight  of  aluminium  is  said  to  be  eqvaxy- 
taU  to  (equal  in  chemical  value  to)  three  atomic  weights  of  hydro- 
gen. Since  it  combines  with  3  atomic  weights  of  chlorine,  it  is  also 
considered  to  be  equi-valent  to  3  atomic  weights  of  this  element. 

The  chemiaU  property  referred  to  is  called  ralsBC*.  The  valence 
of  an  atomic  weight  of  hydrogen  or  of  chlorine  is  the  unit.  An 
atomic  wejght  of  aodium  is  said  to  be  unlvtitnt,  one  of  caJcimn 
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bivftlvnt,  one  of  uluminiuiii  trtTftlwit.  Tho  formula  H)0  shows  tbe 
Mtoiiiic  weight  of  oxygCQ  to  be  bivatcat,  bucuii^:  it  uiiiUts  with  two 
atomic  wcightA  of  hydrogen.  Appurcntly,  the  atomic  weight  (or 
atom)  of  each  element  hais  u  fixed  capiicily  fur  eombtiiiiig  with  not 
more  than  a  certain  nmnbor  of  utomic  weighta  (or  atoms)  of  other 
cl<MUcnta. 

Marking  th^  Valence.  —  Until  we  have  become  familiar  with 
the  valenec  of  each  elc-mcnt,  it  is  ailvbtable  to  mark  the  valences 
in  a  special  way:  Na',  Ca",  Al'".  O".  Zn",  CI'. 

As  we  should  expect,  a  bivalent  atom  can  oombino  with  two 
univalent  atoms,  or  with  ont  hivalenl  atom,  and  so  forth.  Thus 
WW  have  the  eompounds  of  oxygen;  Niii'O",  Ca"0",  Alj"'Oi"i 
Zn"0",  Clj'O". 

The  rule  '\s  that  the  quantities  of  two  dements  which  combine 
must  have  c()ujil  total  combining  capacities  —  \.c.,  idcnlicHl  total 
valence.  Thus,  Ca"  ha«  the  valence  two,  and  so  does  O".  Again, 
AV"  ha.*  a  total  valence  of  2  X  3  (  =  6)  and  so  ha.*  O,"  (3x2  =  6). 

Frefjuently  the  valAice  is  marked  by  means  of  linw,  the  num- 
ber of  tines  pt^iinting  towards  a  symbol  indicating  the  valence  of 
the  fttom  it  rcprei«euts: 


I 


Na-CI      Ca 


a 
ci 


Ca=0 


Al-Cl 
^Cl 


0=Al-O-AI=0 


Definition. — The  nlenee  of  an  element  is  a  sumber  repre- 
aentinx  the  capacity  of  Its  atomic  weleht  to  combine  with,  or  dia- 
pl&ce,  atomic  wei<hta  of  other  elements,  the  unit  ol  such  o^iaoity 
being  that  ot  one  atomic  weight  of  hydrogen  or  chlorine. 

Valencti  of  Radicala.  —  What  we  have  said  applies  to  com- 
pounds of  not  more  than  two  elements  — so  called  binary 
oompounds.  We  cannot  with  certainty  tell  the  valences  in  a 
compound  of  three  or  more  elements,  like  H)SO«.  But  we  have 
seen  that  the  acids  behave  as  if  composed  nf  two  radicals:  H(C1), 
Ha(SO,),  that  is,  of  two  groups  which  move  as  wholes  in  chemical 
reactions.  Hence  we  can  assign  a  valence  to  a  compountl  radicaJ 
as  a  whole.  Thus,  (SO*)"  is  evidently  bivalent,  as  a  whole,  bc>- 
cause  it  is  united  with  2Q'.  Na(OI])  and  Ca(OU)]  sJiow  the 
radical  brdroxyl  (OH)  to  be  univalent. 
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It  is  to  prmen-e  the  identity  of  th«  riidicals,  and  to  make  them 
easily  recogninable,  that  we  write  them  in  bracked  and  plaw  the 
cotrfficicnt  outside,  iis  Ca(Oir)i  atid  Alt(SO<)i,  instead  of  UKing  ihc 
forms  CaOiHj,  AliSjO,j,  and  so  forth.  In  fact,  substances  which 
oommonly  int^nitt  as  if  ihc  radiciik  were  single  elements,  we  re- 

igitrd  ft8  binary  ccmipoimdi!. 
In  writing  forniulu;  of  iiiurgsoic  couipuimdH  wc  usually  place 
tt>c  po^tivc  radical  (p.  33)  in  front  and  the  negative  radical  after  it. 


U»e  in  Making  Formulte  and  Eqttattona.  —  The  chief  uso 
of  the  corifoption  of  valence  is  the  very  pniclical  one  of  enabling 
us  to  writ4?  fomiulir.  In  making  rquations  wo  constantly  need  to 
know  whether  the  chlori<lc  of  an  element,  say  ma^esium,  is 
MgCi,  or  Mp:<'l3,  or  MgCIj,  or  MgCU,  etc.,  and  whether  its  sul- 
phate is  MgC^Ot,  or  MgsKUj,  or  some  other  combination  of  the 
symbols-  To  answer  questions  tike  this  it  is  not  necessary  to 
know  the  formula  of  e%'ery  compound  of  ejich  element;  tlie  »[>• 
parent  disorder  of  these  numliei's  can  be  rpduce<l  to  rule,  and  the 
reader  should  endeavor  thoroughly  to  mastex  the  rule  before  goinf; 
farther. 

Thus,  suppose  thiit  we  require  the  formula  of  aluminium  hy- 
droxide. I'p  to  this  point,  we  should  have  been  compelled  to 
look  for  it  in  a  book.  And  if,  later,  wc  needed  the  formula  of 
aluminium  sulphate,  wc  should  have  had  to  look  that  up,  sepa- 
rately, also.  But  now,  all  we  need  is  to  know  the  videncc  of 
almninium  Al'",  of  the  hydroxy!  radical  (OH)'  and  of  the  sul- 
phate radical  (SOj)",  Making  the  total  vjdences  in  the  two 
halves  of  each  compound  ahke,  wc  write  the  formuhe  A]"'(OH)t', 
A1,'"(S0,),". 

I'ho  reader  must  nuke  a  special  elTort  to  note  the  valences  of 
each  element  and  radical,  And  always  to  use  Ihcm  in  making 
formulffi.  If  u  formula  is  written  from  memory,  the  valences 
must  be  checked,  to  make  sure  that  the  formula  is  correct. 

to  Learn  the  Valence  oj  ^n  Element.  —  To  find  out 
ivalenccof  an  element,  we  must  obtiur.  the  formula  of  one  simple 
id  of  the  element,  containing  another  elemejit  of  knonn 
valence.     Thus,  what  is  the  valence  of  carbon?     Its  oxide  is  C0^ 
be  totol  valence  of  oxj'gea  here  iB  2  X  2  =  4.    Carbon  C"  b 
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therefore  quadrivalent.  Hciiee  ita  chloride  miurt  be  C'Cl*'  (carbon 
U'tntohloridc),  iind  it  (<houUl given  compound  with  hydrogen  C"H(' 
(inettiiLne,  eomposiiig  it  large  purl  of  nuturul  gas).  When  carbon 
combines  with  u  trivulent  element,  equi-valont  amounts  of  each 
clement  must  he  used,  tut  in  Al4'"C9"  (aluminium  carbide),  where 
AI4'"  and  Cfl'*  contain  3  X  4,  or  12  units  of  valence  each. 

The  cheiiii;st  does  not  memorize  the  valences  theoiaelves;  ho 
rocQTvn  tb*  Tslntc«  of  *n.  vlement  or  rftdiml,  whan  Qoed«d,  b;  ncsll- 
ing  th«  fonnulft  of  «  substance  confining  this  olement  or  rkdioal 
in  cambbutioD  with  a  mora  funiliv  element  or  ntdioal,  such  as  CI' 
orH". 


Elmmmta  with  More  than  One.  Valence.  —  The  nil«  of 
valence  xa  somewhat  complicated  by  the  fact  Ihiit  many  eteiiieutji 
show  more  than  one  vaJence.  In  other  worii.i,  the  contbiuing 
cjipacity  of  an  atomic  weight  of  auch  an  eleiiuint  may  have  two 
(or  even  more)  values,  according  to  the  conditiona  under  which 
the  action  takes  place. 

Thus,  we  have  encountered  two  chlorides  of  iron,  ferrous  chloride 
Fe"Cli'  and  ferric  chloride  Fe"'Cli'.  We  have,  in  fact,  two  com- 
plete scries  of  compounds  of  iron,  such  aa: 


Bivalent  {Ferrout): 
TriwUent  {Ferric): 


FeCl,,   FcO, 
FcCU.    Fc|0„ 


FcSO.. 
Fe,(SO.),. 


V{\icn  an  element  forma  two  such  aeries  of  compounds,  wc  always 
call  particular  attention  to  the  fact. 

Exrrptionat  yalenres.  —  Some  elements  show  an  exceptional 
vfltofice  in  one  compound.  The  valences  shown  in  series  of  coin- 
£x>utids  are  the  important  ones,  and  the  exceptions  need  not 
particularly  concern  uh.  Thus,  in  addition  to  the  oxides  FeO  and 
FetOi,  iron  gives  the  magnetic  oxide  FejOi,  where  the  valence  of 
iron  appears  not  to  be  a  whole  number,  but  |  or  2J.  Hence  the 
valence  b  made  regular  by  supposing  the  oxide  to  be  a  compound 
of  the  other  two  oxides,  as  if  *ae  formula  were  Fe"0,Fe3^"(Jj. 

Nomenclature.  —  The  names  of  compounds  containing  only 
two  elements  (the  true  binary  compounds)  end  in  ide.  Such  are 
the  oxidea,  as  ferric  oxide  FoiOj;  the  carbides,  ae  alimiiaium  ear- 
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AI4C1;  the  chloriifes.  as  sodium  chloride  Nad;  the  aulpbufe*, 
as  ferrous  sulphide  FeS,  eic. 

When  ao  ckinent  forms  two  (or  more)  oompounds  with  another 
element,  they  are  frequently  tlistinguiahed  thus:  carbon  dioxide 
CO,,  rarboQ  monoxide  CO;  phosphorus  petUoxide  PtOj,  phosphorus 
(n'oxidc  P,Oi. 

To  distinguish  two  compounds  of  the  same  elements,  another 
plan  is  al«o  uswl:  ferrows  chloride  FeC],,  ferric  chloride  FcCU; 
mercurtnu  oxide  BgtO,  mercuric  oxide  HgO.  The  sullix  oia  indi- 
cate that  the  metal  is  combined  with  the  smaller  proportion  of 
Ihc  negative  dement,  and  ic  that  it  ia  combined  with  the  larger 
proporttou. 

The  tendmcy  —  although  not  a  universal  rule  —  is  to  use  the 
latter  plan  with  compounds  coutiuning  a  metal  and  the  fori 
^H  with  compounds  cootaiuing  only  uoa-inetals. 

^B  Equivalent  tt'einht*.  —  In  the  foref^in^  diRcusHion  of  valence, 
^^we  itave  more  than  once  used  the  word  "equivalent."  For 
example  (p.  61),  it  was  stated  that  the  atomic  weight  of  aluminium 
in  equivt^it  to  three  atomic  weights  of  hydrogen,  because  it  dis- 
places them,  and  to  three  atomic  weights  of  chlorine,  because  it 
comluncs  with  that  number: 

Al     +        3HC1      -.  AICU  +       3H 

Wei^:     27.1         3  X  36.468      27.1  +  3  X  36.46      3  X  1.008 

Now  chemists  often  view  thia  from  the  other  direction,  and  say 
that  1.006  g.  of  hydrogen  arc  diitplaced  by  9.08  g.  of  aluminium 
(one-third  of  the  atomic  weight)  and  that  35.46  g.  of  chlorine 
eombine  with  only  ff-fW  g.  of  aluminium.  When  taking  this  view, 
they  refer  to  the  w«ight  of  an  olement  dteplactm  ono  atomic  w«lf  tat 
ai  tajdroKan.  or  combining  with  on*  atomic  voight  of  chlorine  (or  of 
any  otht^r  univalent  eli'nii^iit)  tis  the  equiTalent  welcbt  of  that  •!»- 
moit.  The  equivalent  weight  of  aluminium  b  therefore  9.03  and 
that  of  calcium  Ca"  20  (one-half  the  atomic  weight)  and  that  of 
sodium  Na'  23  (the  atomic  wei^t). 

It  will  be  seen  that  the  equivalent  weight  can  always  be  foimd 
by  a  quantitative  experiment.  It  ia  also  evident  that  it  is  equal 
to  the  atomic  wei^t  divided  by  the  valence.  It  is  likewise  clear 
that  the  equivalent  weight  of  an  element,  multiplied  by  the  valence 
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of  that  element,  is  equal  to  the  atomic  wdgbt.  The  coaccption 
of  equivalent  weights  finds  application  In  several  conncclioiu  in 
chemistry  (see  Normal  Solutions  and  Faraday's  Law). 

Calcvlatiosb 

As  vre  h&vts  seen  (p.  44),  the  foniiulji  represents  the  composition 
of  ft  KulMtitiiLf,  uj^ing  tb(!  atomic  wL-iglits  ax  the  uiut-s.  We  have 
leoruvd  how  ihv  foniiuln  is  calcukU^'d  from  luitostiroiiiontii  made 
in  an  fxpi'riment  (p.  43).  Wc  may  now  take  up  some  of  the  ways 
of  using  the  infonnutiou  couIeiJiuhI  in  a  formula. 

Composition  from    the    Fornuita.     Forrnula-JI etgltt.  — 

To  k'oru  the  L-oniposition  of  a  substance,  such  as  putiissium 
chlorati.',  KCIO],  fruiii  its  formula,  we  look  up  Die  values  of  the 
atomic  weights  (inside  ri-ar  cover).  We  find  K  =  39-1  parte  of 
potrissiuni,  CI  =  35.46  parts  of  chlorine,  and  Oj  =  3  X  16.00  or 
48  parts  of  oxj-geu.  The  proportions,  in  order,  are  therefore: 
39.1  :  35.46:  48. 

What  is  the  proiwrtion  of  oxygpu  to  [Kitassium  and  clilorine, 
together?     It  is  -IS  :  39.1  +  35.-1G,  or  48  :  -'1.56,  or  1  :  1.55. 

Wp  require  a  name  for  the  sum  of  the  weights  of  the  conatituentA 
indieAted  in  the  formida.  This  is  called  the  fonnula-might. 
Thus,  for  potassium  chlorate,  it  is  .39.1  4-  35.4fi  +  48,  or  I22.;J6. 

To  Find  the  Percentage  Composition. —  In  potassium 
chlorate  the  proportions  an;  39.1  of  potassium,  35.46  of  chlorine, 
and  48  of  oxygen  or  a  total  of  122.56.     In  one  hundred  parts,  the 

potassium  is  722^  ^  *^'  '*'"  -^'-^^J  ^^^  chlorine  ^       X  100, 

or  28.9%;  and  thL-  oxygen  j^^V^  X  1<W,  or  39.1%. 

Stated  in  terms  of  the  rule  of  proportion,  we  have,  for  the  pot-is- 
sium,  122.56  :39.1 ::  100  :x,  where  lis  the  percentage  of  {Wtassium. 

Catcnlationa  by  Vae  of  Eqitationa.  —  Wc  frt-quent.ly  wish 
to  know  what  weight  of  a  product  can  be  obtained  from  a  given 
weight  of  the  ncce»sury  mntoriaU.  For  example,  what  weight  of 
ferrous  sulphide  cnn  lx>  made  with  100  g.  of  iron?  It  is  undet^ 
stood  that  the  nece^ary  sulphur  is  available. 
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To  BV(^d  tbo  blunders  which  are  easQy  made,  observe  strictly 
the  following  rul«0: 

1.  Writ*  down  th«  wiiutlon: 

Fe  +  S  -»  PeS. 

2.  PUMundwoMlifoniiulKth*  WQigbtitnpnivnti: 

Fc     +      S       -.    FcS 
55.84        32.06        87.90 

3.  Bead  this  expanded  equation.  In  this  case  it  reads:  55.&1 
partB  oi  iron  combine  with  32.06  parts  of  sulphur  to  give  87.90 
parts  of  forrouH  sulphide. 

4.  R«-r«ad  ch«  original  problem:  "What  weight  of  ferrous 
sulphide  can  be  nuide  with  100  g.  of  iron?"  Having  done  this, 
place  the  amount  given  in  the  problem  (100  g.  of  iron)  imdcr  the 
formula  of  the  substance  in  question.  Then  notice  what  the  prob- 
lem ii.^kif  ("  what  weight  of  ferrous  sulphide  ")  and  place  an  x  under 
the  formdu  of  that  substance: 


Pe 

+ 

vS 

— t 

FeS 

55.84 

32.08 

87.90 

100  g. 

X 

5.  Read  tbe  problem  w  now  tabulated:  55.84  g.  of  iron  gjve  87.90 
g.  of  ferruus  siilphidt',  tluTcfurt:'  100  g.  of  iron  will  give  x  g.  of 
ferrous  sulphide. 

6.  Bute  tbe  proportion  In  this  order  (or,  sre  below). 

55.84  :  87.90  ::  100  :  i  ( =  157.4  g). 

If  the  tabulation  in  rule  4  has  been  prepared  correctly,  this  final 
stat^nent  as  a  proportion  ia  purely  mechanical.  It  will  he  noted 
that  cnly  two  of  the  three  quantities  given  in  the  expanded  equa- 
tion were  actually  used. 

Oa.  AltematLve  Uetbod.  At  the  sixth  step,  we  may  also  say: 
If  55.S4  g.  of  iron  give  87.90  g.  of  ferrous  sulphide,  1  g.  of  iron  will 

87  90 
give  ,.'„:  g-  (=  1.574  g.)  of  ferrous  sulphide.    Then,  if  I  g.  of 

DOJr* 

iron  given  1.574  g.  of  ferrous  sulphide,  the  100  g.  of  iron  will  give 
100  X  1.574  g.  (=■  157.4  g.)  of  ferrous  aulphide. 
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tf'arningB.  —  In  solving  the  exercises  at  the  end  of  the  chap- 
ter, beware  of  three  kin<ls  of  mifitakes,  which  are  rommonly  made. 

1.  Do  not  read  the  problem  carelei<»ly  and  make  the  er|uatioD 
backwards,  that  is,  with  the  sides  reversed.  Focus  attention  first 
on  the  exact  chemical  change  involved. 

2.  Do  not  speuk,  or  think  (^  the  symbols  Fe  and  S  as  standing 
for  "1  psrt"  of  iron  or  sulphur.  They  stand  for  1  ekenrical  unit, 
or  atomic  weight,  or  iitoin,  in  each  case,  that  is,  for  "55.S1  parts" 
and  "Ti.06  parts,"  respectively. 

3.  Follow  the  rulcw  laid  down  above.  The  chemist  follows 
these  ru1c».  The  bcf^inner  alwa^'s  thinks  he  can  do  without  Ihem, 
Hiid  he  fails  in  cuiiscquciicc.  Writing  tlic  equation  in  expanded 
form  (rule  -1)  iiiid  rending  the  problem  into  it  (rule  5)  are  abso- 
lutely essential  8l«[>8. 

Another  Example.  —  What  weiRht  of  hydro^n  is  required 
to  reduce  45  g.  of  magnetic  oxide  of  iron  to  metallic  iron? 

Following  the  rules,  as  before,  we  reach  the  expan^led  equiitioD: 

FeiO,  +      4Hi  —      3Fe  +         -tHjO. 

3X55.84 +4  Xia         8  X  1.00S         3X2S.84         4(2X1008+16) 

107 .M  +  ft4  8.064  ICT.Sa  4  X  18.010 

231 .52  8.0ft4  167.52  72.064 

Observe  that  the  atomic  weights  are  multiplied  by  the  sub- 
numbers,  so  that,  for  cxjimple,  Fcj  =  3  X  35.84.  Observe  also 
that  the  form ul(\- weights  are  multiplied  by  the  foeffidcnts,  when 
such  oiTur  in  front  of  the  formula*,  so  that,  for  ejcampic,  4HsO  =  4 
X  18.010. 

The  proportion  231^2  :  8.0ti4  ::  45  :a:  (=1-57)  supplies  the 
answer,  1  .^7  grams  of  hydrogen. 

Using  the  alternative  plan:    If  331.52  g.  of  magnetic  oxide  are 

8  064 
reduceti  by  8.{X)4  g.  of  hydrogen,  1  g.  will  be  reduced  by  „  '     -  g. 

(=  0.035  g.)  of  hydrogen.  Hence,  if  1  g.  of  magnetic  oxide  is 
reduced  by  0,035  g.  of  hydrogen,  45  g.  will  be  reduced  by 
45  X0.035  g.  (=  1.57  g.)  of  hydrogen. 

Exerci»e».  —  I.  What  are  the  valences  of  the  negative  radicals 
of  phosphoric  acid  lljPOt,  and  of  acetic  acid  (p.  52)?     What  must 
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be  the  formulie  of  calcium  pboepbate,  cupric  acetate  (Cu"),  alumin- 
ium phosphate,  ferrous  carbonate  (COa")i  ferrous  sulphate, 
cupric  chloride? 

2.  What  is  the  valence  of  photiphorus  in  phwphorus  pentoxide 
(p.  32)?  What  must  be  the  formuliB  of,  (n)  the  oorreepoading 
chloride  and  sulphidt!  of  phoriphoriiH,  and  (b)  of  aluminium  oxide? 

3.  What  are  the  vjileiiueK  uf  the  clctucatH  in  the  following:  liH, 
NH„  SeH„  BN? 

4.  What  are  the  valences  of  the  motulit  and  radicals  in  the  fol- 
lowing: HNOi,  Pb(NO,),,  Ce(SO,)„  KCl,  KMnO,  (potassium 
permangiLDutv)?    Nauke  all  the  substances  in  3  and  4. 

5.  Make  equations  to  represent,  (u)  the  reduction  of  lead  diuxido 
(PbOt)  by  hydrogen,  (b)  the  actions  of  aluiuiuiuui  upon  cold  water 
and,  (c)  upon  itiv^m  nt  a  red  heat. 

6.  What  weight  of  iitercury  is  obtained  from  130  g.  of  mercuric 
oxide  HgO? 

7.  Wliat  wei^it  of  mercuric  oxide  will  furnish  20  g.  of  axyfim? 

8.  What  weight  of  FcsO*  may  be  obtained  from  10  g.  of  oxygen? 
0.   How  much  ttilvejr  in  contained  in  100  g.  of  an  impure  specimen 

of  silver  chloride  AgC!  which  in  33  per  cent  sand? 

10.  liNTiat  are  the  percentage  compositions  of  cerium  eulpluite 
Ce(SOi)i,  phosphorus  pentachloride  PC'I»,  and  ammoniuni  chloride 
NH^Ci? 

11.  \Miat  weight  of  hydrogen  is  required  to  reduce  100  g.  of 
ferric  chloride  FeCU  to  ferrous  chloride  FeClj? 


CHAPTER  Vn 


THE    UEASUKEMBNT  OF    QVANTITT   IK    OASES.     BKLATIONS 
BETWEEN    STRUCTUBS   AND   BEHAVIOR   OF   MATTER 

A  SPECIMBN  of  n  Kn.i,  like  a  spccimcu  of  n  solid  or  it  liquid,  lany  be 
wriRhed,  but  it  is  usually  cnsJer  to  deterniini"  th«  ciuuntity  of  ihc 
gfia  by  (1)  measuring  itfl  volumv,  nnd  nt  tho  immc  liimr  (2)  uutiug 
it8  tempernture  on  a  thermoiiw't^r  suspended  in  it  or  elosc  to  it,  and 
(3)  aacertoining  the  pressure  wliich  it  exercises. 

The  MeaMiiremenI  of  the  Prtrxgure  of  a  Go*.  —  In  almoi<ta1l 
casee  the  easiest  way  to  take  account  of  the  pressure  of  a  gas  is  to 
place  it  in  an  apparatus  so  constructed  tlmt  one 
boundary  of  the  volume  m  a  liquid.  The  appuratue 
is  then  so  ntljustod  tliat  the  surface  of  the  li<iuid  in 
contact  with  the  gns  in  the  closed  tul)c  (Fig.  33}  is  at 
the  tame  level  as  the/rec  surface  of  tho  Ii([nid  which  is 
exposed  to  the  atmosphere.  The  equality  in  the  levels 
of  the  liquids  is  then  a  guarantef!  that  the  spedmen 
of  gas  and  the  atmosphere  are  exercising  equal  pres- 
Bures  on  the  liquid.  At  this  stage  the  volume  of 
the  gas  is  mejisure*!,  by  reading  the  graduation  (not 
shown)  on  the  tube.  Simultaneously  the  pressure  of  the  atmos- 
phere and,  therefore,  of  the  ^xsa,  is  ascertained  by  reading  the 
barometer. 

The  barometer  (FSg.  34)  consists  of  a  bent  tube  containing  mcr- 
cuiy.  The  short  limb  (to  the  loft)  is  open  and  the  pressure  of  the 
atmosphere  ia  exercised  on  the  surface  of  the  mercury  there.  The 
longer  limb  (to  the  right)  vs  clo»od  at  the  top  and  iu  it  there  is  no 
gas  above  the  mercury.  Wlieu  the  tube  is  inclined,  the  :^rface  of 
the  mercury  in  the  longer  limb  ondeavore  to  retain  tlic  same  verti- 
cal height  above  the  lower  surface  and  consequently  rises  and,  with 
suffident  inclination,  will  rejich  entirely  to  the  top  of  the  tul>e. 
The  downward  jjressure  of  Uie  mercury  on  the  right,  above  the 
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"qtial  to  the  pressure  of  the  atmosphpre  on  the 

■y  at  the  aame  levcJ.     The  amount  of  the 

,..<■  .1  Ni  the  length  of  the  column  of  mer- 

i.  i,f^_  reading  ihe 

■  e  the  free 

■iiuri?  of  the 

'  l;ii'!i  in 

is 

■my 

jg  the 

iiT  and 

■■ling  the 

'xtions,  C, 

-..  after  atljust- 

iOO  c.c  and  i\s 

■-'1  biironictric 

"wiiickT  (perhaps 

.    Has)  ftt  15°.     The 

lilt-  corrected  reading  is 

fm.  h. 

■     i  alum«     to    760     mm.    Prtmaitrtt.^ 

ii.'ispborie  pressure  viiriiTS  froin  djiy  to  day, 

tv  -<r\ed  pressure  is corrccleil  to  that  which  the 

fu<  would  have  occupied  at  the  staodnrd  preN4ure 

.ijt'rcury.     By  careful  tneasureroenta,  BoyU  (1600) 

^  folomo  Mcupted  by  the  same  sunple  of  an;  gM 

'  WUt  tbe  preuure. 

r  1  i.itiaa  just  given  will  show  how  this  additional  correc- 

nh'  d.     There  were  200  c.c.  of  the  gas  at  17°  ami  7'12  mm. 

lUe  question  is:    What  would  be  the  volume  of  this 

I  at  760  mm.?     At  this  new  proaaure  (760  nmi.),  whicli 

,  tbe  old  pressure  (742  mm.),  the  volume  will  beoome 

iii-nce  we  cluing©  tJic  volume  in  the  proportion  of  titme 

ilii>-,  placing  the  amaUer  number  in  the  numerator,  so  aa  to  get  a 

k-j  votumc  as  the  answer:  200  X  Jl?  =  volume  at  760  mm,, 
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=  195.3  C.C.  If  we  wished  to  convert  lOO  c.c.  at  775  mm.  to  760 
mm.,  wc  ehould  reaitou  that  tbc  acw  pressure  was  aniallor,  lud  the 
volume  would  become  greater,  and  should  therefore  place  the 
larger  number  (775)  in  tbc  oumcfator  so  aa  to  get  a  larger  volume 
for  the  anitwer. 


The  Correction  <j^  thp  Votumeqfa  CaaforTt'mpvrature. — 

The  same  sample  of  gas  will  occupy,  when  heali'd,  u  liirgi-r  vulurac, 
and  when  cooled,  a  smaller  voluniu  than  before,  Thv  cliuiigt-  in 
volume  furc«cb  degree  Centigrade  is  vt*  of  the  volume  of  the  Mune 
sample  at  0°.  To  simplify  the  calculation  we  bepn  by  converting 
the  temperature  to  the  absolute  scale  by  adding  273*  to  each 
tempcrut  uri.-.  The  volumn  u«um«d  bj  a  sample  of  ras  at  diSereat 
temperatureR,  the  preuure  remaiain£  constant,  are  In  the  tame  pro- 
portion  as  the  corrospondinc  absolute  temperatures  (Charles,  1787). 
If  the  volume  renuiiiis  constant,  then  the  pressure  changes  in  the 
same  pru  pert  ion. 

In  the  illustration  used  above,  there  were  200  c.c.  of  gas  at  17°, 
and  it  is  reqiure<i  to  know  the  volume  at  0°.  We  add  S7S  algehra- 
icaUy  to  each  ttmperature,  and  tbe  question  becomes:  There  are 
200  c,c.  of  gas  at  290°  Mia.,  what  will  be  its  volume  at  273°  .\bs.? 
The  volume  changes  in  the  direct  ratio  of  the  absolute  temperatures. 
The  new  temperature  ia  hwer  than  the  old,  and  the  new  volume  will 
therefore  be  stnaUtr  than  the  old.  Then  200  X  JJJ  =  volume  at 
0"  (273'  Abs.)  =  188.3  c.c. 

The  above  laws  are  usually  applied  to  any  example  simulta- 
neously. Thus,  200  c.c.  of  gas  at  742  mm.  pre.'tsure  (eorr.)  and  17** 
become  200  X  JH  >=  Ui  =  !83.8  c.c.  at  0"  and  760  ram. 

Mixed  Gasest  Aqueous  Tension.  —  Two  gases  at  the  stuuc 
temperature,  provided  they  do  not  interact  chemically,  do  not  in- 
terfere with  e.ach  other's  pressures  when  mixed.  Tlius,  if  they  are 
forced  into  the  same  volume,  the  pressure  of  the  mixture  is  equal 
to  the  sum  of  those  of  the  component  (Dalton's  law,  1S07).  The 
gases  are  therefore"  still  thought  of  individually,  and  the  t«h»ro 
which  each  gas  has  in  the  total  pressure  is  called  its  partial  praa- 
■ure.  This,  like  any  other  gaseous  pressure,  is  proportional  to 
the  concentration  of  the  particular  gas  in  the  mixture. 

For  example,  u  gas  measured  over  water  contains  water  vapor. 
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^^  The  partul  pn»8uro  of  this,  called  squMua  t«iialon  (q.v,),  which 
is  definite  fur  each  temperature,  must  be  subtracted  from  the  total 
pressure.  The  irmainder  is  the  partial  pressure  of  the  gas  haag 
tDcasured,  and  this  remainder  is  used  a^  the  pn-ssuro  of  this  gas  in 
any  calculation.  Thus,  in  a  gaa  measured  over  water  at  22°,  the 
total  pressure  inoIudcH  19.7  mm.  prtsnirc  of  wat«r  vapor  (the 
aqueous  t«ii!tioa  at  22°,  sec  Appendix  IV).  Hence  150  c.c.  of  gaa 
over  water  at  22°  und  750  mm.  is  the  same  in  amount  as  150  c.c.  of 
tbe  same  gas  in  dry  conditioii  at  22°  and  730.3  mm.  (there  being 
simply  150  c.c.  of  water  vapor  at  19.7  mm.  mixed  with  it).  To 
obtain  the  voluitw  of  dry  gas  at  0°  and  760  mm.  we  have  the  cx- 
prraaion  150  X  jJI  X  ^ho'- 
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Dengitien  of  Gtmes.'  —  The  dettfUyof  a  gw  is  the  masa  of  1  c.o. 
ot  Uie  cas  at  0°  and  760  mm.  pressure.  SoRietimcfi  the  weight 
of  one  liter  (1000  c.c.)  is  called  the  donsity.  Often  the  relative 
wdgbt  of  the  gas,  the  weight  of  an  equal  volume  of  air,  or  oxygun, 
or  hydrogen  being  taken  as  unity,  receives  the  same 
name. 

The  most  direct  method  of  measuring  the  density 
of  a  gas  is  to  employ  a  light  flask  of  125-150  cc. 
aipaeity.  provided  with  a  rubber  stopper  and  stop- 
cock l.Fig-  35).  By  means  of  an  air-pump  the  con- 
tents of  the  fiask  are  removed,  and  it  )8  wdghvd. 
This  gives  the  weight  of  the  empty  vessel.  The  gas, 
whoev  density  is  to  be  ascertained,  is  then  ftdmitted, 
and  cure  is  taken  that  it  finally  fills  the  flask  at 
the  prcesure  of  the  atmosphere.  The  flask  is  *^*  "■ 
doacd  and  weighed  again.  The  increase  represents  the  weight  of 
the  gas.  At  the  eamo  time  the  temperature  and  barometric 
pressure  arc  read.  The  volume  is  determined  by  displacing  the 
gas  once  more  from  the  flask,  filling  with  watra*,  and  weighing 
again.  TTie  diffcrciK*  in  wotght  between  the  empty  flask  and  the 
flask  full  of  wator,  in  grams,  reprwu^ntfi  thp  volume  of  the  contatt 
of  the  flask  in  cubic  centimeters.  This  volume  is  reduced  to  0" 
and  7G0  mm.  by  the  rules  diseuiised  above,  and  we  have  then  a 
volume  of  the  gas  and  the  corresponding  weight. 

*  lliv  Mbjecta  o(  thia  aeclion  are  not  actually  used  uotil  Chapter  IX  (on 
Molar  W<i^Ua}  u  rckchod. 
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To  illustrtth-,  l«t  us  suppose  that  the  volume  of  tbe  6ask  is  200  c.e 
and  timt  ii  i.*  fillixi  with  oxygen  at  17°  and  742  mm.  The  weight 
of  the  giaji  is  fouml  to  be  0.26  f.  We  ascertained  (p.  72)  by  calcula- 
tion that  at  0°  and  760  mm.  this  volume  would  be  ISSA  c.c.  Tbe 
wei^t  of  a  liter  is  given  by  the  proportion  183.8  : 0.28  ::  1000  :  x. 
Here  X  =  1.'115  g.  When  the  operation  is  performed  carefully, 
and  the  wdghing  carried  to  the  nearest  milligram  instead  of  the 
nearest  centigram,  a  result  more  nearly  approaching  the  acc^ted 
one  (1.429)  may  easily  be  reached. 

To  get  tbe  dea'tity  of  oxygen  referred  to  hydrogen  as  unity,  we 
must  divide  the  untiwcr  by  tbe  wei^t  of  a  liter  of  hydrogen 
(0.06667  g.).  In  tbe  above  case  the  ciuotient  is  15.74.  The  ac- 
cepted value  is  lii.lKt.  The  ilemiity  referred  to  air  as  unity  is 
mmilarly  obtained  by  dividing  by  1.293,  the  weight  of  a  litor  of  air 
at  0°  and  760  mm.  pressure. 

By  using  a  modifiration  of  the  flask  just  described,  it  is  possible 
to  ascertain  the  weights  of  known  volumes  of  the  vapors  of  liquids 
and  solids.  A  temperature  sufBcicutly  high  to  vaporiiie  the  8ub> 
stance  must  be  employed.  The  volume  is  reduced  by  rule  to  0' 
and  760  mm.  and  the  doouty  (in  this  case  known  as  the  Tapor 
deiultr)  is  calculated  as  Ixrforc.  The  reduction  to  0*  and  76()  mm. 
pressure  by  rule  gives,  of  coutbo,  a  fictitious  result.  The  vapor 
would  condense  to  the  liquid  form  before  0°  wm  reached,  if  the 
cooling  were  actually  currk-d  out.  But  the  value  for  the  density 
oa  it  would  be  id  0°  »nd  760  mm.  has  to  be  calculated  to  facilitate 
comparison  with  tlit-  corresiKindirig  viilues  for  other  substances. 
Tbe  results  have  no  pliy^cid  sigiuScance,  but  aro  highly  important 
to  the  chemist. 
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Kelatioxs  bbtwern  the  Structurr  AMD  Behaviob  or 

Matteh 

We  have  seen  that  matter  is  composed  of  minute  particles 
caller]  molecules.  Just  as  wc  can  thoroughly  understand  the  be- 
havior of  a  watch  or  an  automobile  engine  otdy  if  we  know  the 
details  of  its  structure,  an<l  how  the  part8  work,  so  we  can  under* 
Btand  the  physical  and  chemical  Ix^liavior  of  matter  in  masses 
only  if  we  are  familiar  with  its  ultimate  mechanism.  Hence,  we 
must  now  take  up  the  structure  of  matter  in  its  three  states,  the 


Effn«rcTtniB  and  ssaAnoB  of  mattbr 
s,  tlw  liquid,  and  iho  solid.     In  doin^  thia,  we  ehatl  keep 
Qtly  in  view  the  connection  lietweeo  the  molecular  relations 
and  the  general  belmvior  of  the  matter. 

The  Molecular  Structure  of  Gases.  —  The  most  noticeable 

fact  about  gases  is  that  they  can  be  comprtased  to  au  enormous 

tent.     Oxygen  at  760  rnm.,  for  example,  can  be  reduced  by 

re  to  one  two-hundredth  of  its  volume,  or  even  leas.     The 

impression  docs  not  aETcct  the  individual  nwEecuIes,  and  there* 

fore  does  not  diminish  the  volume  actually  occupied  l>i'  the  oxy(i;en, 

but  it  crowds  the  nioleeules  closer  together  and  dlminlabM  to  one 

two-hundredth  th«  spftce  between  them.     Compresainfi  a  gas  is, 

in  fact,  mainly  corupre»siug  the  empty  space  of  which  it  chiefly 

consists.     To  understand   what  follows.   Die  reader  must  keep 

constantly  befort-  him  a  inontal  image  of  a  jar  of  gas  as  eonasting 

of  small  particles  separated  by  relatively  mde,  empty  spaces. 

molecules  are  iu  rapid  motion  and  move  in  straight  lineo,  ex- 

oeptmg  when  they  strike  one  auotLer  or  the  walla  of  the  vessel. 
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The  Properties  of  Cas«M.  —  Let  US  now  note  the  more  obvious 
Ijualitics  of  ga.-u^'t,  printing  in  itaticf  the  fact  concerning  a  maas  qf 
and  in  bUck  typa  the  pro|>erty  of  the  molecules  which  accounts 
for  the  fact. 

'  The  most  remiu*kable  thing  about  a  gas,  considering  the  loose- 
ness with  which  ita  material  i»  packed,  is  the  total  (Ancrux  in  it  of 
any  fendtTU:]/  lo  MtlUng  or  sulwideiioe,  f^nce  the  inolwules  cimnot 
t>e  at  rest  Upon  one  another,  as  the  )(reat  compresmbUUy  shows,  wo 
^hre  driven  to  conclude  that  they  are  widoly  upArated  from  cm* 
^^notlMr,  and  that  Ihey  nnrupy  the  9\ivicc,  otherwi.-<c  a  complete 
vacuum,  by  oonstantly  movlns  about  in  &U  direction*.  But  a 
moving  aggre^te  of  partiejes  which  does  not  even  finally  ^ttle 
must  be  in  perpetual  motion.  W'e  miifit,  therefore,  ljelie\'c  the 
inuleeules  to  be  wholly  unlike  particles  of  matter  in  having  pwfoct 
•iHtlcitr,  in  consequence  of  which  they  undergo  nn  los8  of  energy 
after  a  collision.  They  must  continually  strike  the  walls  of  the 
vessel  and  one  another  and  rebound,  yet  without  loss  of  motion. 
The  fact  that  each  gas  is  homogeneous,  efforts  to  sift  nut  lighter  or 
heavier  samples  having  failed,  requires  the  supposition  that  all  tlu 
molMUlM  of  a  pure  gas  arc  doaelr  aUlce. 
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The  diffwniniity  of  gu»cs  u  due  to  the  motion  of  ths  molecules, 
and  their  pertncabilUy  to  the  ipaM  avftilftlile  to  receive  nnjli'i-itliK 
of  another  giui.  These  tvo  modes  of  behavior  involve  no  luKlitiuiinl 
molecukr  properties.  The  word  "dilTuidoD"  is  often  thought  to 
mean  the  property  of  u  given  miuui  of  gas  in  virtue  of  which  another 
gas  ctui  mix  with  the  given  mae&.  This  property  is  not  dilTusibility 
but  permeability.  It  is  the  other  gas,  which  makes  its  wny  iiito 
the  given  giut,  which  is  diffusing.  Diffusion  is  spontaneous 
motion  of  the  ptirts  of  a.  gus  away  from  theJr  ori^itil  location. 
Unless  tliitt  molion  is  into  »m  empty  space,  the  diffusing  nioleeules 
must,  of  course,  move  into  tuiother  body  of  gas.  In  the  caae  of 
the  jars  of  by<h«gen  And  air  (p.  57),  each  gas  moved  in  part  out  t^ 
it*  original  Jar  (diffused),  and  each  received  parts  of  the  other  gaa 
into  its  jar  {was  pi-rmcateil). 

Boyte'a  Lau>  and  Chnrtea'  Imw.  —  I^saiog  now  to  BoyU's 
law  (p.  71),  the  thing  to  )>c  accounted  for  i»  that  when  a  nample  of 
a  gas  diminUheA  in  volume,  its  pressure  increases  in  the  same  pro- 
portion. I^t  the  diagram  (Fig.  36)  represent  a  cylinder  with  a 
movable  piston,  upon  which  weights  may  be  placed  to  resist  the 
pressure.  Now  the  pressure  exercised  by  the  rm  under 
the  piston  cannot  be  like  the  pressure  of  the  hand  upon 
a  table,  since  we  have  just  assiumed  that  the  particles 
are  not  evea  approximately  at  rest,  and  the  spaces 
between  them  are  enormous  compared  with  the  size 
T  of  the  molecules  themselves.     The  gaseous  pressure 

— i — I  must  therefore  be  attributed  to  the  colossal  hailstorm 
which  their  innumerable  impacts  upon  the  piston 
produce.  If  this  is  the  case,  the  comprtisaing  of  a  gas 
must  consist  simply  in  moving  the  partition  down- 
wards, so  that  the  particles  as  they  fly  about  are  gradu- 
ally restricted  to  a  smaller  and  smaller  space.  Their  paths  become 
on  an  average  shorter  and  shorter.  Their  impacts  upon  the  walls 
become  more  and  more  frequent.  So  the  pressurf  wliieh  this 
causes  becomes  greater  and  greater,  and  is  proportionaJ  to  the 
degree  of  crowding  (the  concentration)  of  the  molecules. 

There  arc  two  other  points  to  tx-  .-wlded.  When  we  diminish  the 
volume  to  one-half,  we  find  from  experience  that  the  pressure  bo- 
comes  exactly',  or  almost  exactly,  twice  as  great.    This  must  mean 
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that,  although  the  particles  are  beoomiug  crowded,  they  do  not 
interfere  with  one  another's  motion,  excepting  of  counc  where 
actual  collision  causes  a  rebound.  Otdy  in  the  ab«cncc  ef  iuter-j 
fereQix*  would  doubting  thu  number  of  nioleculf.'s  per  unit  of  voluni^j 
give  exactly  double  the  nuuibcr  of  impucta  on  the  wuUs.  Hencol 
the  molecules  must  have  pnu'tically  no  t^mdeaey  to  cohesioQ.! 
Finally,  tlw.'  molecules  must,  bo  supposed  to  move  lu  straight  lincp 
between  eolliwoiis. 

A  baSLTlcss  idea,  that  the  molecules  of  a  gfta  repel  one  another, 
still  lingers  in  some  quarters.  There  is  no  evidence  of  this.  The 
moleculce  pay  almost  no  attention  to  one  another,  either  by 
aUraction  or  rcpuluon. 

Boyle'a  law  therefore  adds  four  more  details  oonoeming  molec- 
beba%'ior,  namely,  that  the  Impmcu  of  th*  putlclM  produce  j 

le  pre^sttre,  tliat  tiie  crowdlns  of  tho  molecules  r('|inrs(>nt»  the  coa-] 
wnffofiou  of  the  mtUaial  and  that  the  |i<irl  ii'!(!R  moT«  is  stralfht Udm 
and  ■bow  almoat  no  ocdiwlon,  since  pressure  and  concentrttiion  are 
very  etoaely  proportional  to  one  another. 

How,  now,  can  we  account  for  Ckar!e.i'  law  (p.  72),  according  toJ 
which  an  increase  in  preanure  (or  in  volume)  rcaulta  from  heating  i 
a  maaa  of  rapidly  moving  molecules?  The  action  of  a  particle 
colliding  with  a  surface  is  measured  in  physica  in  terms  of  its 
mass  and  its  velocity.  It  is  evident  that  healing  a  cloud  of  mole- 
cules would  not  increase  the  mass  of  each,  and  it  must  therefore 
lner«M«  tbt  velocity  of  «Mh,  since  the  kinetic  energy  of  all  becomes 
greater. 

r  Avogadro'a  Lave.  —  The  identical  general  behavior  of  all 
kinds  of  guses  suggests  that  their  structures  ma}'  be  all  alike. 
Avogadro  (1811),  the  professor  of  phj'sics  in  Turin,  put  forward 
the  hypothi-slB  that  the  nunilx-rs  of  uiulceules  in  equal  volumes  of 
different  gases,  at  the  Munc  temperature  and  pressure,  might  be 
c<quttl.  A  more  strict  study  of  the  properties  we  have  been  ooa- 
sidering,  and  of  some  additional  facts,  has  since  shown  that  no 
other  eonje^rturc  than  Avogndro's  would  be  consii^tent  with  them. 
Thus  it  is  now  accepted  as  a  fact,  and  is  known  as  Avocadro's  law. 
It  may  also  be  put  in  the  form:  At  th«  naxv  tempe»tun  uid 
priure.  the  molMuUr  cooeeiitnttion  of  *U  kind*  of  (uea  has  tlia 
ifaliM. 
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Diffusion,  —  The  law  of  diff'mon  (p.  JjS}  harmonizes  with  tho 
conceptions  of  molenilar  structure  without  further  additions  to  the 
latter.  The  speed  of  the  liydi-oRen  molecule  at  room  temperature 
is  1840  metera  ptjr  second.  The  masses  of  the  oxygen  and  hydro- 
gen molecules  arc  us  16  : 1,  and  the  speeds  of  diffusion  (p.  58)  a» 
Vl  :  vTC,  or  I  :  4.  Hence  (he  speed  of  the  oxygen  molecule  is 
one-fourth  of  1840,  or  400  m.  per  sec. 

Calculation  shows  the  activity  of  the  nmlecules  to  l>e  such  that, 
in  air,  the  number  striking  a  single  square  centimeter  of  surfat^e 
per  second  would  fill  no  less  than  twenty  liters. 

Liquefaction  of  Oaxes:  Critical  TrmfHrralurc. —  Finally, 
gases  can  be  liquefied  by  mifficienl  cociHns  and  a/mprexmrn.  Tliis 
fact  compels  us  to  suppose  that,  after  all,  even  gaseous  molecules 
have  a  tendency  to  cobeaioa.  This  cohesion  is  scarcely  perceptible 
BO  long  as  the  gas  is  warm  and  is  diffuse.  Thus,  2  liters  of  oxygen  at 
1  atmosphere  pressure,  when  subjected  to  2  atmospheres  pressure, 
give  ().«991  liters  instead  of  1  liter.  The  additional  contraction 
of  0.0009  liters  (0.9  c.c.)  is  due  to  the  effect  of  cohesion  when 
the  molecules  arc  thus  crowded  closer  together.  The  gases  which 
are  more  easily  liquefied  than  is  oxygen  show  greater  effect*. 
Thus,  2  liters  of  sulphur  dioxide  at  760  mm.,  when  subjected  to  2 
atmosphercsi  prej*suR%  give  only  0.974  liters,  shon'iug  a  contraction 
due  to  cohosioii  of  2C  c,c.  TIkwc  data  refer  to  0°.  At  lower 
tcmpcnvlurw  the  contractions  due  lo  cohesion  become  rapidly 
greater.  This  cohesion  is  not  of  the  nature  of  gravitational 
attraction. 

We  can  reiwHly  understand,  therefore,  that  when  tJie  kinetic 
energy  of  the  molecules  is  sufficiently  reduced  by  cooling  (namely, 
to,  or  Ix^low  the  critical  tejnjwrature,  see  below),  and  the  molecules 
are  brought  sufficiently  close  together,  the  tendency  of  the  mole- 
cules to  cohere  causes  the  gas  to  condense  and  assimio  the  liiiuid 
form.  In  1869  Andrews  found  that  carlwn  dioxide  could  be 
liquefied  at  0°  by  38  atmosphereis  pressure,  and  at  30°  by  7 1  atmos- 
pheres, but  that  above  31.36°  it  could  not  be  liquefied  by  any 
pressure.  He  discovered  that  each  gas  has  a  critical  temperature, 
as  he  callefl  it.  For  carbon  dioxide,  this  temperature  can  lie  ob- 
served by  placing  a  heavy-walled,  glass  tube  (Fig.  37),  half-filled 
with  liquid  carbon  dioxide,  in  a  beaker  of  water,  and  gradually 
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raising  tho  ti^mpcmture  uf  thu  ln.tt«r.  At  31-35'',  the  surface 
bclwwn  the  liquid  and  gas  IwcoiniCS  hajsy  atid  vanishes.  When 
tlic  tt-nipcniturw  f«lls  once  morv,  the  surface  re-appeara  at  SLSo**. 
This  shows  that,  with  Furadiiy's  "permanent"  gaaes,  a  teiupern* 
tun.-  tx-1ow  the  entic-ul  point  hod  not  been  employed. 

The  critieul  te»i|>ernturc  of  oxyf;en  is  —118°,  of 
hydrogen  —2*1°,  of  carbon  dioxide  31.35',  of  sulphur 
aioxide  156°,  of  water  358°. 


n 


* 


Another  Deviation  from  the  Ixtwa  of  (iaitrii. 
A  Prrft^ct  (lax.  —  it  may  be  added  that  when  a  ^fls 
is  already  under  very  high  i>reasiire,  and  verj-  closely 
parked,  an  inavase  in  the  pressure  does  not  produce  qutie 
tu  great  a  diminuHon  in  volume  as  BoyU'»  law  leads  us  to  \Jt 
expect.  This  reminds  us  that  we  are  dlmlnl»htnj:  onJy  Fw*  ^■ 
ths  space  betw«en  the  molecule*,  and  not  the  volumes  of  the  mol<y 
cules  tJiemBcIves,  and  therefore  not  the  total  volume  of  the  gas. 
When,  on  severe  compi-ession,  the  volume  occupied  by  the  molo- 
culea  themaeJvea  has  become  an  appreciable  fraction  of  the  whole 
volume,  additional  compression  docs  not  aGTect  the  whole  volume, 
and  the  contraction  i«  sinallcr  than  Boyle's  law  would  indicate. 
Thup.  2  liters  of  hydrogen,  even  at  one  atmosphere  preHsuro,  when 
subjected  to  two  atmospheres  pressure,  give  1 .0006  hters,  instead  of 
1  liter. 

The  laift  two  effects  (namely,  those  due  to  the  tendency  to 
cohesion  of,  and  the  space  occupied  by  the  molecules]  are  called 
derlatlona  from  the  laws  of  giu^es.  In  conscfiuencc  of  these  individ- 
ual deviations,  then:  are  not  exactly  equal  numbers  of  molecules  in 
equal  volumes  of  any  two  different  gases,  at  the  same  temperature 
imd  pre«aure.  An  imaginary  gixs,  which  exhibits  neither  deviation, 
called  a  perfect  km,  is  often  referred  to  in  discussing  the  bchAvdor 
of  gases. 


Summary.  —  We  may  now  summarixe  the  principal  fact* 
about  ga.'Wa  in  mass,  appearing;  in  itnlici^  iilwve,  with  the  corre- 
sponding features  of  the  ntolecular  relations,  in  heavy  type,  which 
we  have  added  c»>e  by  one. 
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FWt*  AboDi  Clam  ia  Maa. 

CorTtfpati^nt  Rt\mUaiui  al  UoIkuIh.                      ^^| 

CompireMtibility  .... 

Diffiisibilily 

PFriiit-abi|!ty 

Vacuum  +  mcilpcul«8  widely  separated. 

MoleculuH  iu  tu  )iil  uiotioD. 

Rrnptjr  Kpace  tc  iitivrly  Isree. 

Klolecules  porfoctly  eloslic- 

Molecdes  of  any  oae  »ub«t&nvu  cluaoly  alike. 

Due  to  iinpHctii  ar  molecule*. 

Pressure  pTOportinniil  to  concontrntion  o(  lli8 

molecules.     Moluuules  move  in  stFHiK'il  liaea 

and,  when  wiJt-ly  ncattereJ,  abow  no  itimlcucy 

to  eobrsion  cir  to  rrpulninn. 
nine  in  temperature  incressM  tbe  velocity,  and 

thcnJore  the  kiuetiu  energy  o(  the  molecules. 
Avogadro's  low. 

Boyle'M  l»w 

Above  and  olhfr  facto  . 
I.nw  nt  difTii'ion     .    .   . 
GaaM  (Min  be  liquefied  . 

MoleoulcH  do  pomcss  &  tendency  to  cobeslon, 
irhich   beftoniM  rnnfiiiriiniiH   when   they   arc 
cooled  aad  closely  croo'dcd  together. 

History  of  the  Kimttic  Molecular  Theory.  —  This  theory  V 
was  first  suggested  by  Daniel  Bernoulli  (1738),  who  expluioed  by 
its  meanfi  the  pressure  and  compr«ssibtlitv  of  gases.     Lomunossov 
(1748)  developed  the  theory  very  completely  and  bv  mcanK  of  it 
explained  Boyle's  law  and  the  effects  of  changes  jn  temperature. 
He  also  anticipated  from  the  theory  the  existence  of  the  second     • 
(JevLiition  from  the  law  of  gases  (174D),  a  discovery  usually  cred- 
ited to  Dupr<!  (1864).     Ho  likewise  pointed  out  tliat  there  was 
no  limit  to  the  maximum  velocity  of  a  molecule,  and  therefore  no 
upper  limit  of  temperature,  but  that  there  must  be  a  lower  limit 
(the  absolutiC  xoro)  at  which  the  molecules  would  be  at  rest  (1744). 
This  work  was  entirely  forgottL'D,  until  itttciition  was  called  to  it 
in  1904  by  Mensohutkin. 

Similar  views  were  expressed  by  Watcreton  (184S),  but  were 
still  .so  much  ahead  of  the  time  thnt  the  committee  of  the  Royal 
Society  did  not  approve  the  piiper  for  pubUcation,  and  it  was  die- 
covered  ill  the  archives  of  the  society,  long  afterwards,  by  Lord 
Rayleigh.     Tlie  development  of  the  theory,  so  far  as  it  .ippliea  to 
heat,  is  therefore  credited  to  Joule  (1855-fiO)  and,  in  respect  to  all 
properties  of  gases,  to  Kr5nig  (1856)  and  Clausius  (1857)t  who 
knew  nothing  of  the  earlier  work. 
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Molecular  ReUitioit»  in  Liquids.  —  The  fact  Uiftt  even  great 
pR«8urcs  produce  little  dimioutJOD  in  the  volume  of  a  liquid  skows 
that  tbe  free  space,  present  in  gases,  is  absent  in  liquids.  Tba' 
measured  elTect«  of  various  pressures  show,  for  example  in  Uie  oaM  ' 
o(  water,  that  to  reduce  the  volume  to  one-half  would  tequirc,  not 
doubling  tlic  pressure  as  in  a  gas,  but  increasing  it  from  1  to  10,000 
Atmospheres.  The  molecules  of  a  liquid  are  actually  in  contact 
with  ooe  another. 

Tbe  phenomena  connected  with,  surface  tension,  such  as  co- 
herence into  drops,  show  that  cohesion  plays  a  much  larger  part 
in  liquids  than  in  gases.  On  the  other  hand,  liquids  which  are  I 
ca|>able  of  mixing  {e.g.,  alcohol  and  water),  when  placed  above  one 
another  in  the  same  vessel,  do  mix,  slowly,  b)"  diffusion.  This 
indicates  thitt  motion  of  the  molecules,  although  much  impeded 
by  friction,  lias  not  been  annihilatwl  by  cohesion.  Tlie  escape  of 
vapor  —  that  is,  of  part  of  the  liquid  in  ga-teous  form  —  likewise 
proves  that  the  molecules  in  the  liquid  are  in  motion.  The  rela- 
tions of  liqui<]  and  vapor  can  be  discussed  most  effectively  in  the 
next  chapter,  in  connection  with  the  case  of  water  and  st«am.        i 

Molecular  Rtflatians  in  Sallda.  —  The  properties  of  solids 
diffiT  from  thnsi^  of  liquids  chiefly  in  the  fact  that  the  solid  has 
a  definite  form  of  which  it  can  be  deprived  only  with  difficulty. 
This  we  may  explain  in  accordance  with  the  kinetic  hypothesis  by 
the  supposition  that  the  cohesion  in  solids  is  very  much  more 
prominent  than  in  liquids.  We  obtain  soUds  from  liquids  by 
eoollDg  them;  in  other  words,  by  diminishing  the  kinetic  energy 
and  therefore  the  velocity  of  the  particles.  Tbe  cohesive  tendency 
of  tbe  latter  is  thus  able  to  make  itself  felt  to  a  greater  extent.  If, 
eonversely,  we  heat  a  solid,  or,  according  to  the  hypothesis,  if  we 
increase  the  speed  with  which  the  particles  move,  the  body  first 
melts  and  givee  a  liquid,  and  this  finally  boils  and  becomes  a  gas. 
The  intrinsic  cohesion  of  thf  particular  substance  can  undergo  no 
change,  but  the  increasing  kinetic  energy  of  tbe  particles  steadily 
aod  continuously  obliterates  its  effects.  Yet  some  moUon  still 
survives  in  a  solid.  Thus  we  find  that  when  the  layer  of  silver  is 
stripped  from  a  verj'  old  piece  of  dectroptate,  tbe  presence  of  this 
metal  in  tbe  German  silver  or  copper  basis  of  the  article  is  easily 
,  dsBWDStrated. 
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The  tendency  of  all  eolitls  U>  asauuiu  cr>-HtaUme  forms,  which 
show  definite  clfiivajiie  miil  otlicr  evidences  of  structur*,  dislin- 
gutshee*  thera  sharply  from  Uquidi;.  Thf  force  of  cohesion  in 
liquids  i^  exercised  i^()u:illy  in  different  directions.  lu  solids  it 
must  differ  in  different  directions  in  order  thnt  structure  may  rc- 
Biilt.  SiDvc  eueb  submtance  sJiuws  an  individual  structure  of  its 
own,  thi-sc  directive  forecs  must  have  spcciid  vuluvs  in  inugnitude 
and  direction  in  cuch  substance. 

Cryatatliatttitm,  —  A  crystal  arises  by  growth.  When  the 
process  is  watfhpd,  as  it  occurs  in  a  melted  solid  or  an  evaporating 
solution,  the  sJow  and  s)-stenuitic  addition  of  the  material  in  Unea 
and  layers,  as  if  according  to  a  regular  design,  is  one  of  the  most 
U-autiful  and  interesting  of  natural  phenomena.  The  feru-Utc 
[Mittcms  produced  by  ice  on  a  window-pane  show  the  general 
nppearauco  characteristic  of  crystalUuaUon  in  a  thin  layer.  A 
larger  mass  in  a  deep  vessel  pves  forma  which  are  geometrically 
more  perfect.  From  its  very  incipiency  the  crystal  has  the  same 
form  as  when,  later,  its  outlines  can  be  distinguished  by  the  eye. 
Hence  the  outward  form  is  only  an  expression  of  a  specific  internal 
atructure  which  the  continual  reproduction  of  the  same  outward 
form  on  a  hirgor  and  larger  scale  leaves  as  a  memorial  of  it»elf  in 
the  interior. 

Cryntat  Forms.  —  Crystalline  form  is  continually  used  in 
identifyinjt  (pp.  2,  12,  19)  the  siibstaneea  produced  in  chemical 
aetion.s.  The  clasftificatiun  of  crystalline  forms  is  carried  out 
according  to  the  decree  of  symmetry  of  the  crystals: 


I 


1.  Regular  system. 

2.  S<]uiire  prismatic  system. 

3.  Hexagonal  system. 
-1.  Rhombic  system. 


5.  Monosymmetric,  or 

mtmoelinic  system. 

6.  A^mmetric,  or 

triclinic  system. 


The  rocular  system  presents  the  most  synunotrical  figures  of  nH. 
Some  forms  which  commonly  occur  are  the  uctahetlron  (Fig.  38) 
shown  by  alum,  the  cube  (Fig.  39)  Jiffectcd  by  common  salt,  and 
the  dodccah«?dron  (Fig.  40)  frequently  Hi<t<un)tfd  by  the  garnet. 

The  tquaro  prismfttic  tfat«m  includes  less  symmetrical  forms  than 
the  previous  one,  since  the  erj'stals  are  lengthened  in  one  direction. 


flTEUCTCRE  AND  BEHAVIOR  OF  MATTEK 
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F^,  41  Eihowa  the  condition  in  which  arton  (ZrSiO*),  which  fur- 
nisbvs  us  with  the  bms  of  certain  incnudcscunt  iUuminatii^ 
arriiiigtmc'nt»,  occurs  in  nttture.  The  form  of  onlionry  hydratod 
nickel  sulphutc  (NiS04,6HiO)  is  similar  to  thin. 


>^ 
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The  hcngooftl  syst«m,  like  the  prcvoding,  frequently  exhibita 
jiigi\t<Hi  prUiiiiilif  (oTina,  but  the  stNitiou  of  the  cryatals  is  a.  hexa- 
gon, insUMd  of  II  «nuire,  and  the  tj^rniiiifttion  is  n  six-sided  pyramid, 
ti  (Fig.  42),  or  rock  crystal,  is  the  most  familiar  mineral  in 
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i  fij-atcm.  Calcite  (CaCOa),  which  is  chemically  identical  with 
cbaJk,  or  marblp,  tak<«  forms  known  a»  the  scalcuohedron  (Fig.  -1.3) 
and  rhombohedron  (Fig.  44),  which  arv  clatwini-d  iu  a  subdivLtion 
tbia  Bystem.    ludwid,  recently  it  has  become  common  to  erect 
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i  into  a  si'imrate  sj-stcm  (the  trigonal),  in  which  both  quartz  and 
caici1>e  are  iiicluded- 

Tlie  rhombic  syuvm  incIudcH  the  natural  forms  of  the  topax, 
and  of  sulphur  (Fig.  7,  p.  12),  as  well  as  that  of  potassium  permati- 
ate  (Fig.  45),  pot&Msium  uitrut).'  (Ftg.  46),  and  many  other 
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eutwtUDcee.    Tb«8c  crystals  exhibit  a  good  deal  of  symmetry,  but 
thvir  uct'tion  is  (liwsiys  rhombic,  and  bcuw  the  uftiiie. 

The  moQosrmraotrtc  >;«t«ia  cjchibits  fornix  which  have  but  oiie 
pluie  of  s^-mnM-try.  Gypeuni  (Fig.  47),  which  is  hydrated  calcium 
sulphate  Cu30(j2HtO,  and  feldspar  (Fig.  3,  p.  2)  are  minerals  po»- 
scsMJug  furmit  of  this  kind.  Tartaric  acid,  rock  candy  (Fig.  48), 
putossiuni  cliluratc,  and  hydrat«d  socUum  carbonate  (washing 
Boda)  belong  to  this  system. 

The  MTzonutric  lystem  includes  forms  which  have  no  plane  of 
symmetry  ^vluitever.    Rhip  vitriol  (Fig.  52,  p.  95),  CuS04,5HjO,  ii 
one  of  the  inuett  familiar  substances  of  this  kind. 
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BxtfrcUe*.  —  The  text  cannot  be  understood  unless  some 
prohlf-m.t  invoI%'ing  the  laws  of  gases  are  actually  worked. 

1.  Reduce  189  c.c.  of  gas  at  15°  and  750  mm.  to  Qf  and  760  mm.  fl 

2.  Beduce  110  c.c.  of  gas  at  -5°  and  711  mm.  to  0' and  760  mm. " 

3.  Convert  500  c.c.  of  gas  at  2.5°  and  700  mm.  to  18°  and  745  mm. 

4.  Reduce  250  c.c.  of  gas  (standing  over  water)  at  22°  and  755 
mm.  to  the  dr>'  condition  and  to  0°  and  760  mm. 

&.  The  density  of  a  substance  referred  to  air  is  3.2.  What  is  the 
density  referred  to  hydrogen?  What  will  be  the  volume  occupied 
by  10  g.  of  the  substance  at  20*  and  752  mm.? 

6.  Describe  two  ways  of  obtaining  crystals  of  a  substance. 
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TaTRK  U  SB  BHenary  to  life  as  is  oxyRen.  The  human  body 
fttuniUHl  with  it  and,  to  make  up  for  t^vaporation,  an  well  as  to 
aid  in  digc^Jou  aud  utlicr  life  proRCases,  it  is  a  neceasar)-  part  of 
our  food.  Tlie  ocean  covers  tbrcc-fourtbs  of  the  earth's  surface, 
and  the  "dry"  laud  is,  fortunately,  far  from  being  really  dry, 

Phymcal  Properties  of  Water,  —  A  deep  layer  of  water  has  a 
blue  or  greenish-blue  color.  At  a  pressure  of  760  mm.,  water  ex- 
ists as  a  liquid  bctwrau  0°  and  100".  Below  0°  it  becomes  solid, 
above  100°  a  gas.  Of  uU  chemical  sulistances  it  is  the  one  which  we 
use  most,  BO  that  its  phyuieal  propcrtif»,  discussed  below,  should 
be  studied  attentively.  Then,  too.  what  is  said  of  water  is  in 
general  true  of  all  other  liquids,  from  which  it  differs  only  in 
details. 

The  quantity  of  heat  reciuired  to  nusc  one  gram  of  water  one 
degree  in  temperature,  at  15°,  i»  eallod  u  calori*,  the  unit  quantity 
of  beat.  The  specific'  heat  of  any  nuljstiince  being  the  quantity 
of  heat  required  to  raise  the  teiii[)vralure  uf  one  gram  of  the  :<ub> 
■tanoe  one  degree,  the  specific  heat  of  water  is  1.  The  values  for 
Hul}t<it»nci«  Mil  all  smaller  {eg.,  limestone  0.2).  Thus 
iperutun-  of  large  masse?)  of  u-atiT,  such  as  lakes  and  seMal 
changes  mure  slowly,  and  within  a  smaller  rangi^,  than  that  of  the 
rocks  and  soil  eompoftiiig  the  land.  The  mure  constant  tempera- 
Uue  of  the  water  tends  to  regulate  that  of  the  air,  and  henoe  the 
late  of  an  island  is  lees  variable  from  season  to  season  than  is 

>t  of  a  oonlincnt. 

tee.  —  The  misiiig  or  lowering  of  the  temperature  of  a  ifram  of 
water  through  one  degree  involves  the  aildiliou  or  removal  of  one 
calcnne  of  beat.  The  conversion,  however,  of  a  gram  of  water  at 
,0*  to  a  gram  of  ice  at  0°  requires  the  removal  of  79  calories.    The 
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mere  mulling  of  a  gram  of  ico  caunea  an  absorption  of  heat  to  th«] 
same  aiuounl,  ciillcd  the  beat  of  fusion  of  Ice.  At  O'  a  rnixturf 
ic(!  luid  wiittT  will  remain  iji  unrhariKeil  proportiona  indefinitely.] 
Any  ca.tise  whieh  tentis  pennanentiy  to  lower  or  raise  the  tcmpi-ni-l 
tun;  by  a  fraction  of  a  degree,  however,  will  bring  about  the  dWp-j 
peanmcc  of  the  water  or  of  the  ice,  re8i>ectively.  This  tempuratur8| 
is  called  the  melting-  or  the  (reeKlng-polnt. 

Water  can  be  cooled  below  C  (supercooled)  without  begiiiningJ 
to  fret>ze,  unleas  it  is  stirred,  or  "inoculated"  by  the  addition  of  a| 
piece  of  ioe.     Hence,  the  freezing-point  is  not  defined  as  the  point 
'(it  which  ice  begins  to  form,  for  that  point  varies,  and  is  always 
below  0°,  but  as  the  temperature  of  a  mixture  of  ice  and  water. 


Steam.  —  At  atmospheric  praasure,  water  passes  into  steam 
rapidly  at  lOO",  but  at  lower  temperatures,  and  even  when  frozen, 
it  does  the  same  thing  more  slowly.  It  changes  into  Htciun,  how- 
ever, only  when  the  necessary  supply  of  heat  is  forthcoming. 
Otic  gram  of  water  at  100',  in  turning  into  a  gram  of  st^-am  nt  100' 
takc»  up  540  calorics.  This  is  called  its  heat  of  Taporiwtioii. 
Steam,  in  fact,  contains  much  more  internal  enCTgy  than  an  equal 
weight  of  water  at  the  same  temperature,  just  as  water,  in  turn, 
contains  more  energy  than  ice. 

Steam  is  a  colorless,  invisible  gas.  The  visible  cloud  of  fog, 
fiecn  when  st«aui  escuipes  into  cold  air,  is  composed  of  minute 
drops  of  water,  formed  by  condensation,  and  visihlu  because  they 
have  surfaces  and  reflect  light. 

The  States  t^  Matter:  Transition  Points.  —  Most  sul>- 
8taiic(;s  arc  known  in  three  different  states  of  aggregation,  solid 
(crystalline),  lit^uid,  and  gaseous.  There  is  no  magic  nI>out  the 
number,  thrt-e,  however.  Thiis,  sulphur  has  a  vapor  state,  two 
liquid  Bttitcs,  and  several  solid  forms.  There  arc  even  Eve  forms 
of  ice,  and  most  solids  probably  exist  in  8e%"eral  different  states. 

AH  transitions  from  one  state  to  iinothcr  take  place  at  some 
definito  toinperature  (when  the  pressure  is  fixed).  Such  temper- 
atures, when  referring  to  the  change  from  the  solid  to  the  liquid, 
and  from  the  liquid  to  the  gaseous  state  are  culled  the  melting- 
point  or  freezing-point,  and  the  Iwiling-point,  respectively,  or  ia 
general,  are  known  as  truutUoQ  pointe. 
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Aquemt9  Tension  and  Vapor  Freaaure.  —  The  quantity 
of  ifae  vftpor  prtMcnt  it;  dcfinod  by  tho  gaseous  prcMnure  it  exercises, 
tbe  value  bt-iiig  ciillcd  th<;  vapor  prsMura  of  water  vupor  (or  of 
the  vapur  of  utiy  otbcr  voliittle  subblaoL-o)  in  tliu  locatioD  in 
qitestioii. 

Tlte  tuust  sigoi&cunt  fact  about  vapor  pressure  is  that,  u>hen  ex- 
eets  of  the  liquid  is  preverU,  tfic  prt^ssurc  of  the  vapor  quii'Wy  rracbcs 
a  (iefiiiitv  ituixiitikiui  valut-  for  each  temperature-.  In  tlic  absence 
of  cxoe!<i8  of  the  water,  less  tliun  this  maxiiitUTD  pmwun;  may  exist. 
Man  than  the  inuxinium  pressure  proper  to  a  ^ven  temperature,  if 
produced  by  cuinprcssioa,  cannot  be  maintained,  howc\'er,  for  a 
part  of  the  vapor  condenses  to  the  liquid  state.  The  magnitude 
of  this  maximuut  vupor  prcsHure,  at  a  given  temperature,  dcpeuds 
on  the  ability  of  tlic  particular  liquid  to  generate  vapor.  Tliis  max- 
imuro  vapor  pressure  is  held,  therefore,  to  represent  the  vapor 
ten«loin  of  th«  liquid,  at  tbe  given  tctnpctroturc,  and  tliis  is  a  spccilio 
pro[)erty  of  the  substance. 

The  vapor  tension  may  be  shon-n  by  allowing  a  few  drops  of 
water  to  ascend  into  a  barometric  vacuum  (Fig.  49).  The  tube 
on  tbe  left  shows  the  mercury  when  nothing  presses 
on  iU  surface.  The  tube  on  tbe  right  shows  the 
result  of  adinitling  the  water.  The  difference  in 
tlie  hci);)it  of  tlie  two  columns  gives  the  value  of  the 
vapor  pressure  of  the  water  vapor.  With  excess  of 
water,  tbe  value  is  that  of  t)ie  vapor  tension,  vailed, 
in  the  «aae  of  water,  the  aqusous  tenslos. 

The  jacket  surroun<Iing  the  tulK-  on  the  right 
enablen  us,  by  aildiiig  ice  or  warm  water,  to  main- 
tain any  temperature  between  0°  and  100°.  When 
ioe  ia  used  outride,  and  a  piece  of  it  is  introduced 
into  the  vacuum,  the  vapor  it  gives  off  quickly 
leaches  a  pressure  of  -(.S  mm.  The  vapor  pressure 
of  the  ice  takes  the  place  of  4.5  ami.  of  mercury  in 
balancing  the  atmoapheric  pressure,  and  so  the  mer- 
cury column  falls  by  this  amount.  Simihtrly,  water 
at  KT  oaiisefl  a  fall  of  9.1  mm.  and  at  20^  of  17.4  mm.,  ao  that  these 
represent  the  mercury-height  values  of  the  aqueous  tension  at 
tbese  temperatures.  The  qvnnlity  of  wal«r  used  makes  no  differ- 
<  long  as  a  liOle  more  is  present  than  is  required  to  &1I 
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availabltf  spaoe  with  vapor.    With  ether,  inatcad  of  water,  at 
10°,  the  fall  U  2S.7  mm.  ^ 

With  water  at  higher  tcinpcruturas  the  fall  of  the  mercury  col^  n 
uino  becomes  much  grc«tvr.    At  30°  it  is  92  mm.,  nt  70°  it  is  233.3 
mm.,  at  90°  it  in  525.5  imn.,  iind  nt  100°  it !»  760  uim.,  or  odc  at- 
mosphere.    At  121°  the  a()ueuus  leiii^iun  is  two  atmospheres,  at 
180°  it  is  t«n  atmusphorcH  (»m^  Appt^'udix  IV).  ^ 

When  water  nt  a  certain  teiii|XTaturo  hiu*  given  the  full  amount  of" 
water  vapor  to  the  space  above  it  that  its  aqueous  tension  perniila, 
We  erty  that  the  space  in  uturatad  \vHh  vapor.  Thiit  concontratioQ 
of  vapor  which  constitutes  saturation  varies  with  Uie  tem|KT.^tiire 
of  the  water  and  depends,  therefore,  solely  on  the  power  of  tJie  water 
to  give  off  vapor.  It  has  nothing  to  do  with  the  siise  of  tlie  space, 
and  is  even  indei»ndent  of  other  ga.si^  the  space  may  already  con- 
tain. Thus,  if  a  little  air  is  first  placed  above  the  drj-  mercury 
(Fig.  ■19),  causing  it  to  fall,  the  additiotiai  depression  produced  by 
adding  water  is  the  same  as  if  the  air  had  been  absent  (p.  72.  See 
footnote  to  p.  11). 

ff'olei-  Vapor  in  the  Air.  —  The  apace  immediately  above  the 
Biirface  of  the  f^ound,  which  is  mainly  occupied  liy  atmospheric 
(ur,  is,  on  an  average,  less  tlian  two-thirds  saturated  with  water 
vapor.  That  is  to  say,  such  air,  when  enclosed  in  a  veesel  con- 
taining water,  will  take  up  about  one-half  more  than  it  already 
contains.  The  vapor  of  water  at  100°  ui  an  open  vessel  displaces 
the  air  entirely  and,  if  the  required  heat  is  furnished,  the  hqmd 
boils. 

AQ  our  substances  and  apparatus  have  traces  of  water,  derived 
from  the  atniO(<phcrc,  condensed  on  their  gurfaces.  This  water  is, 
in  a  sense,  in  an  abnormal  condition,  for  it  does  not  evaporate  even 
in  dr>-  air.  It  is  observed  to  pass  off  in  vapor,  however,  wlien  we 
have  oceasiou  to  heat  the  substance  or  apparatus. 

Molecular  Relations  of  Liquid  and  Vapor.  —  When  the 
water  was  introduced  above  the  barometric  column,  the  va[>or,  or 
ga.s(«us  water,  could  have  resulted  only  from  the  spontaneous 
motion  of  the  molecules  in  the  liquid.  Some  of  the  molecules, 
moving  ticjir  the  surface,  went  off  into  the  space  above  the  water 
and  became  gaseous.     To  be  consistent,  we  must  tdso  conclude 
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that  the  vapor  above  the  water  iH  not  composed  of  the  same  set  of 
molceulce  one  aiiitulc  as  it  was  duriog  the  preccduig  minute. 
Tlicir  motions  must  cause  many  of  them  to  plunge  into  the  liquid, 
while  others  emerge  and  take  their  places.  When  the  wat«r  is  first 
introduced,  there  arc  no  moleeulc*  of  vapor  in  the  space  at  all,  ao 
that  emission  from  the  water  predominates.  The  pressure  of  the 
vapor  incresises  as  the  concentration  of  the  molecules  of  vapor 
becomes  greater,  henee  the  mercury  column  falls  steadily.  At  the 
aamc  time  the  number  of  gaseous  molecules  plunging  into  the 
water  per  second  must  increase  in  proportion  to  the  degree  to 
which  they  are  crowded  in  the  vapor.  The  rate  at  which  mole- 
cules return  to  the  water  thus  Ix-gins  at  zero,  and  increases  steatUly; 
the  rate  at  which  moleeulejt  leave  the  water  maintains  a  constant 
value.  Henee  the  rati'!  nt  which  viipor  molecules  cuter  the  water 
must  eventually  ctiual  that  at  which  other  water  molecules  leave 
the  liquid.  At  tilts  point,  occasion  for  visible  changes  ceases  and 
the  mcreury  comes  to  rest.  Wc  ore  bound  to  tliink,  however, 
of  the  exchange  as  i«till  going  on,  since  nothing  has  occurred  to 
stop  it.  The  condition  im  not  one  uf  rest  but  of  rapid  and  equal 
exchange.  Such,  de-i^cribed  in  terms  of  molecules,  is  the  state  of 
aSiurs  which  is  charact'eristic  of  a  coDditiou  of  vqtilUbriuin.  The 
eoudition  is  dynamic,  and  not  static. 

Eiiitilihrium.  —  This  term  is  used  so  oft«n  in  chemistry,  and  is 
ia  80  unfamiliar  a  .lensc,  that  the  reailer  should  consider 
Jy  what  it  implies.    Three  thin^  are  characteristic  of  a 
state  of  equihbrium: 

1.  There  are  alw&yi  two  oppoilDc  Undeneiw  which,  when  equi* 
librium  is  reached,  imliimre  each  other.  In  the  foregoing  instanee, 
one  of  these  is  the  hail  of  molecules  leaving  the  liquid,  which  is 
constant  throughout  the  experinient.  It  represents  the  vapor  Ma- 
■ion  of  the  liquid.  The  other  is  the  hail  of  returning  molecules, 
which,  ai  first,  increases  .steadily  as  the  concentration  of  the  vajmr 
becomisi  greater.  This  is  the  vapor  preisure  of  tb«  Tapor.  Tli(v>e 
have  the  efifect  of  opposing  pressures  an<l,  when  the  Utter  become 
equal  to  the  former,  t-qiniibriitm  is  established.  In  all  cases  of 
equilibrium  we  shall  sj'mbolixe  the  two  opposing  tendencies  by  two 
arrows,  thus: 

Water  O'qO  5=*  Water  (vapor). 
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2.  Although  Ch«ir  efTectA  Chits  neutrnlixc  each  oilier  M  tfiufiib* 
ilam.  boUi  t«iul«ac]ei  trt  stUl  la  full  op«r«tioii.  In  the  case  in  point, 
tiie  opposing  huiU  of  inoleoules  arc  8tiU  at  work,  but  neithtir  caa 
ftffe«t  any  visible  changie  ia  the  system.  Equilibrium  is  a  state, 
not  oT  rest,  but  of  balanocxi  nnivitie?. 

3  (and  this  is  the  chief  iitark  of  equilibriuin).  A  sU«ht  cbaoco  ia 
Uw  coodltioQs  producm,  ne%'er  a  great  or  sharp  change,  but  always 
aiui  iiisUintl>-,  a  eorrtqMndiiig  tnull  dungs  in  the  atatfi  of  th« 
■ystwn.  The  change  in  the  coiidir.iinis  aci<nii;iH.ilics  this  by  fkroring 
or  dllfftTonng  on«  of  the  tiro  oppoting  tADdondu.  ThtiR,  for  ex- 
ample, wlteu  the  UmpenUure  of  a  li<|ui<]  i»  raued,  the  kinetic  energy 
of  its  moleculcii  is  increafied,  the  rate  at  which  they  leave  its  aurfaco 
beoomet  greater,  tite  vapor  tension  increafles  and,  hence,  a  greater 
ronMDtration  of  vapor  can  be  maintained.  The  system,  therefori*, 
quicUy  r^aclira  a  new  state  of  etiuilibriunt  in  which  a  higher  vapor 
BUie  raiists.  A  heap  of  matter  on  a  table  is  not  in  equilib- 
ium,  because  addition  of  more  material  pmduoos  no  response 
ittU,  when  a  very  great  quantity  is  added,  the  table  breaks. 
itt  a  body  on  the  scales  is  in  equilibrium,  for  the  addition  of 
■DaUect  particle  produces  a  corresponding  inclination  of  the 
buam. 
la  tJie  prereding  illustration,  the  evaporating  tendency  was 
by  a  rise  in  temperature.  As  an  example  of  a  change  in 
titiona  di^atoring  one  tendency,  take  the  case  where  the  liquid 
I  pJaci^l  ill  an  open,  shallow  vessel.  Here  the  condensing  tendency 
ia  markedly-  discouraged,  for  there  ia  practically  no  return  of  the 
oitiitttil  uMJwides,  Hence  complete  evaporation  takes  place.  Ele- 
VMti<Hi  of  lht>  lomjieraturo  hastens  the  process,  A  draft  insures  the 
^^tal  prevention  trf  all  returns,  and  has  therefore  the  same  effect. 
The  two  methods  of  assisting  the  displacement  of  an  equiUbrium, 
wul  paTticutarl>-  the  second,  in  which  the  opposed  process  is  weak- 
eiKtl  and  the  forward  process  triimiphs  solely  on  this  account, 
should  lt>  iiott'd  carwfuUy.  Tht-y  arc  applied  with  surprising  effec- 
livtuuMs  In  the  tutpJanaticHi  of  chemical  plicoomena  (see  Chaps.  XIV 
Mid  XVUl). 
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Vat»r  a»  a  Solvent.  —  One  of  thorn  pli>-8ical  properties  of 
waU>r  which  are  most  used  in  chemical  work  ia  its  tendency  to  dis- 
Htlvi;  uuuo'  ftubetaoces.    Thia  subject  ia  so  important  and  exten- 
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ave  that  we  sbsJI  presently  devote  a  complete  chapter  to  some  or 
its  fiinipler  and  more  familiar  aspects. 

Natural  JTatera.  —  The  foreign  material  in  natural  waters  is 
di\*ided  into  dlaaolved  matter  and  su«p«aded  matter.  Rain-water, 
collected  aft<?r  most  of  the  duist  ha«  been  carried  domi,  ia  the 
purest  natural  water.  It  contains,  however,  nitrogen,  oxyRen,  and 
csj-txHi  dioxide  disBoIvod  from  the  air.  Sea-water  holds  about  3.6 
per  cent  of  dissolved  miitvrial.  River  and,  capccislly,  well  waters 
dissolve  various  Hubstniiws  during  their  progress  over  or  under 
the  surface  of  the  ground.  They  often  contain  calcium  sulphate, 
caldum  bicarbonate,  and  compounds  of  magneaum,  and  are  then 
described  as  hard.  Sometimes  they  contain  compounds  of  iron, 
and  sonictimes  they  arc  effervescent  and  ^vc  off  cartwn  dioxide, 
TiKBe  are  called  mineral  waters. 

Many  river  waters  contain  large  amounts  of  eJay  and  organic 
matter  (often  due  to  admixtiire  of  sewage)  suspended  in  tJiem. 
It  is  not  the  orgjtnic  matter  which  is  deleterious,  but  the  bacteria 
of  putrefaction  and  disease  which  arc  present  also,  and  are  usually 
for  the  most  part  attached  to  the  partides  of  suspended  matter. 
Cholera  imd  typhoid  fever  are  often  spread  by  the  drinking  of 
water  into  which  sewage,  infected  by  other  patients  suffering  from 
these  diwosei,  has  been  allowed  to  enter.  Clay  can  be  seen,  and 
renders  the  water  turbid,  but  organic  matter  and  bacteria  may  be 
prcHcnt  in  wat«r  which  looks  perfectly  clear. 


Puryication  from  Suapenttert  Matter.  —  The  suspended 
impurities  may  be  removed  by  flltratloD.  On  a  large  scale,  beds  of 
gniTcl  are  employed,  but  thie  treatment  wiU  not  remove  idl  bac- 
teria. In  many  ciim?i«  »umll  amounts  of  alum,  or  alum  uiid  lime, 
or  ferrous  sulphate  (copperas)  and  lime,  arc  added.  Tbcse  pro- 
duce Blitny  precipitates  which  iisaist  in  the  elimination  of  fine,  sus- 
pended iaorgftoic  and  organic  matter,  including  practically  all  the 
bacteria.  This  is  called  the  coagulation  treatment  (^.f).  lie  whole 
su^iendod  matter  is  then  allowed  to  settle,  which  it  does  very 
quickly,  in  large  reservoirs.  The  remaining  organisms  may  bo 
destroyed  by  adding  n  little  ble^iching  powder  (q.v.),  before  the 
water  is  distributed.  Oione  and  ultra-violet  light  arc  used  for 
the  saaie  purpose. 
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In  the  household,  the  Pasteur  Alter  is  the  most  compact  and 
eiScient  appliance.  The  water  enters  at  the  top  (Fig.  50),  and  i 
forced  inwards  by  its  own  pressure  through  the  port*  of  a  cylinder 
of  unglazed  porcelaiii.  The  cylinder  must  be  takea 
out,  and  it*  exterior  cleaned  daily  with  a  brush,  to 
remove  the  mud  and  organiama  which  collect  on  its 
outer  surface.  If  thia  is  not  done,  the  organisma 
multiply  an<i  soon  the  filter  pollut«a  the  water  instead 
of  purif>-ing  it. 

liilost  organiama  can  be  killed  by  boiUnc  the  un- 
filtered  water  for  10  or  15  minutes,  although  a  second 
boiling  i»  needed  in  the  case  of  some. 

Purification  from  Disxotved  Matter.  —  Filtra- 

tjoD  (Iocs  not  remove  dissolved  matter,  and  therefore 
docs  not  soften  hiird  water  iq,v.). 

Pure  water  for  chemical  purposes  is  prepared  by 
distillation  and,  in  fact,  liquids  other  than  water  are 
usually  purified  by  the  same  (moccss  (Fig.  51).  The 
steam  is  condenHcd  by  cold  water  circulating  in  the 
jacket,  and  contains  only  gases  dissolved  from  the 
air.  Dissolved  solids  remain  iu  the  flusk.  Distilled  waiter  quickly 
dissolves  traces  of  gliiss  or  porcelain,  so  that  the  purest  water  is 
obtained  by  using  quartz  or  platinum  for  the  condenser  tube  and 
receiving  vessel.    Tin  is  the  best  of  the  less  expensive  mateiiaJs. 

Chemical  Propvrtiea  oj  Water.  —  Water  ia  so  very  frequently 
used  in  ehetiiical  experiments  in  which  it  is  a  mere  mechanical  ad- 
junct, that  the  beginner  haa  difficulty  in  distinguishing  the  cases  in 
which  it  has  itself  t^ken  part  in  the  chemical  interaction.  The 
four  kinds  of  chemical  activity  which  it  shows  should  therefore 
receive  careful  notice: 

1.  Water  ia  a  relatively  stable  m]bst,anc«. 

2.  It  combines  with  many  oxides,  forming  bases  or  acids. 

3.  It  combineti  with  many  substances,  chiefly  salt«,  forming 
hydrates. 

4.  It  interacts  with  some  substances  in  a  way  described  as  hy* 
drnlysia.  This  property  will  not  be  discussed  until  a  characteristic 
caee  is  encountered. 
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Water  a  Stable  Compound:  Dhsociation.  —  In  the  case  of 
a  cMnpoumi,  the  first  cheniioal  property  to  Ik-  pvcn  in  always, 
whether  the  substance  is  relatively  «t*bl«  or  untUtbU.     Usually  the 


Fia.  SI. 

Bpedfication  ia  in  terms  of  the  temperature  required  to  produce 
noticeable  decompoRition.  ThUR,  potatudum  chlorate  gives  off 
oxygen  at  a  low  red  heat.  Now,  waf«r  vapor,  when  heated,  is 
progressively  deeomposod  into  hydrogen  and  oxygen,  yet  at  '2000° 
[the  decomposition  reaches  only  1,8  per  cent,  and  rounicsi  occurs  mt 
the  temperature  is  lowered.  The  two  arrows  in  the  equation  indi- 
cate that  the  action  may  proceed  lo  either  direction  —  ia  r«T*nlbl«: 

HiOj=(2H  +  0. 

A  decomposition  which  thus  proceeds  at  higher  temperatures, 
while  at  lower  temperatures  combination  of  the  constituents  can 
take  place,  is  called  a  dlasoelatitm.  The  decomposition  of  potM- 
eium  chlorate  (p.  27)  is  not  a  dissociation  because  it  is  not  rcvcr«* 
ible:  oxyig;en  gas  will  not  under  any  known  circumataaces  unite  wiUi 
potassium  chloride. 
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Union  rf  ffat«r  with  Oxidwt.  —  1,  Sodium  oxide  (Na«0) 
unites  violfintly  with  wHtvr  to  form  sodium  hydroxide: 

NatO  +  H,0-.2NuOH. 

The  slaking  of  qiii<:kliine  is  a  more  famiUar  action  of  the  same  kiiid:  ] 

CftO  +  H^-.Ca(OH),. 

No  other  products  are  formed.  The  douda  of  condensiiig  steam 
producetl  in  the  second  instance  are  due  to  evaporation  of  a  jiart 
of  the  water  t>y  the  beat  produced  in  the  formation  of  ealoium 
hydroxide.  The  aqueous  solutions  of  these  two  products  have  a 
Hoapy  feeUng,  and  turn  red  Utiuua  (a  vegetable  extract)  blue,  and 
the  substances  therefore  belong  to  the  class  of  alkalies  or  buu. 
Very  many  hydroxide*?,  whieh  are  of  the  same  nature,  for  example 
ferric  hydroxide  Fc(OH)s  and  tin  hydroxide  Sn((>H)3,  are  formed 
80  alowly  by  direct  union  of  the  oxide  and  water  that  they  ai-a 
always  prepared  in  other  ways.  The  oxides  which,  with  water, 
form  bases  are  called  bwlc  oxldoB. 

2.  Some  oxides,  although  tht-y  imitc  with  water,  give  acldB, 
which  are  products  of  an  entirely  different  character.  Phosphorus 
pentoxide  {p.  32)  and  sulphur  dioxide  are  of  this  chisa  and  yield 
phosphoric  acid  and  sulphurouH  acid.  Such  oxides  are  commonly 
called  the  anh;drld«B  (Gk.,  vnlhoiU  water)  of  their  respective  adds. 
They  are  culled  fdsu  addle  ozideB: 


I 
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P,0s  +  3H,0- 
SOi  +  HjO- 


•  2H,P0,. 
.  H^SO,. 


The  acide  are  sour  in  taste  and  turn  blue  litmus  red. 

These  two  classes  of  &ial  products  are  so  dilTejent  that  we  iiuike 
the  distinction  the  basis  for  classification  of  the  element*  present 
in  the  ori^nal  oxides.  The  elements,  like  sodium  and  iron,  whose 
oxides  give  bases,  are  called  meCaUic  elvmants;  those,  like  phoFi- 
pborus,  whose  oxides  give  acids,  are  called  noQ-m«taUfo  el«mflnts. 
The  diatitigiiishing  words  are  selected  because  the  ilivision  t-orrti^ 
Rponds,  in  a  general  way  at  least,  witli  the  separation  into  two  set-s 
to  which  merely  physical  examination  of  the  elementary  eubstancea 
wpujli  Jpad- 
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Bydntes.  —  Many  Bubatances  when  dissolved  in  water  and 
recovered  by  spoiitaneoim  evaporation  of  the  EKilvent  enter  into 
combination  with  the  liquid.  The  products,  which  are  solids,  are 
caUed  bydiatM.  That  tbey  are  regular  chetnir.al  compounds  is 
showi]  by  the  following  two  facts:  (1)  These  compounds  show 
definite  chemical  composition  exprcssiMe  by  fonnuUe  in  terms  of 
chemical  unit  weights  (atomic  weights)  of  the  constituent  ele- 
ments. The  proportions  in  solutions  and  other  physical  aggre- 
gations, except  by  chance,  cannot  be.  expressed  by  means  of 
formiibe.  (2)  A  hydrate  has  physical  properties  entirely  different 
from  those  of  the  water  (or  ice)  and  the 
other  substance  used  in  preparing  it.  It  is 
a  t>'pical  compound,  formed  by  the  first 
variety  of  chemical  change  (p.  7).  Thus, 
eupric  sulphate,  often  called  anhydrous 
cupric  sulphate  to  distinguish  it  from  the 
compound  with  water,  is  a  wliit«  substance 
CT>'8laIliziiig  in  shining,  coIotU-mi,  nccdlc- 
likc  prisiti.t.  Thi>  jx'ntr4liyiirn1e  (l)luc-«louc 
or  blue  vitriol)  which  crystallizes  from  the 
Ijtqueoiis  solution,  is  blue  in  color,  »nd  forms  larger  but  much  leas 
I  Qrmmetrical  (aaj-mmetric  or  triclinic)  crystals  (Fig.  52) : 

CuSO*  +  5HjO  r±  CuSO„SHiO. 

The  ebuuical  propertiM  show  hydrates  to  be  relatively  unstable. 
Wben  hwited,  the  hydrates,  as  a  rule,  lose  none  of  the  constituents 
of  the  original  compound,  but  only  the  water,  in  the  form  of  vapor. 
When  melted,  or  whcj]  dissolved  in  water,  the  hydrates  are  diasCK 
eiated  (p.  93)  into  water  and  the  original  substance.  1'he  aqueouA 
solutions  made  from  the  anhydrous  substances  and  from  the  hy- 
drates have  i<lentic8l  phj-sical  and  chemical  properties.  Hence 
the  cheaper  of  the  two  forms  is  generally  purchased,  and  many 
of  the  chemicals  used  in  the  laboratory  are  in  the  form  erf 
hydrates. 

In  connequence  of  the  ease  with  which  hydrates  give  up  water 

we  UTite  their  formulffl  (e.^.,  CuK0t,5H,0)  so  that  the  water  and 

originHl  substance  an?  separate.     A  formula  thus  modified,  so  as 

r  l«  show  ^imie  favorite  mode  of  behavior  of  the  substance,  is  called 

La  iMCtwD  (ormula.    The  formula  HiaCuSO*,  which  would  show  tbc 
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same  proportions  fay  weight,  is  never  employed,  because  its  U6C 
would  disgmso  the  relation  of  the  substance  to  cupric  Hulphntc 


I 
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TVie  Dissociation  of  Hydrates.  Efflorescence.  —  The  Icsa 
stable  hydrates  dissociate  very  readily.  Thus  the  decahydrtite 
of  sodium  sulphate,  N;i5^''->(, lOiliO  (Glauber's  salt),  losos  all  the 
water  it  contains  (sffiorssces)  when  simply  kept  in  an  open  vessel. 
When  kept  in  a  dosed  bottle,  a  very  little  of  it  loses  wiitcr,  au<I 
thou  the  decomposition  ceases.  The  cause  of  this  we  discover 
when  a  erj-stal  of  the  hydrate  is  placet!  above  mercury,  like  the  ice 
or  water  in  Fig.  49  (p.  87).  /(  shows  an  uqiieous  tension  which  wo 
can  measure.  At  0°  the  value  of  thia  is  5.5  mm.  As  its  tempera- 
ture is  raised,  the  tension  increases-  When  tlie  temperature  is 
lowerctl,  oil  the  other  hand,  the  tension  (Uniiuislics,  the  mercury 
ri»cs,  and  a  part  of  the  water  entcnt  into  combination  again. 
Different  hydrates  show  differt^utr  aqueous  ten.sions  at  tlio  same 
temperature.  Fore-xamplc,  at  30",  that  of  water  itself  ia  31.5  nun., 
Btrontium  chloride  Sr(-!j,fiHj(),  ILAmm.;  cupric  sulphat-e  CuSO<, 
SHtO,  12,5  mm.;  barium  chloride  Ba("li,2H-0,  4  mm. 

In  \new  of  these*  facts,  we  perceive  that  loss  of  water  by  efHores- 
cenco  is  like  evaporation,  excepting  that  it  is  a  chemical  ilecompt)- 
sition  and  not  a  physical  proceee.  11]osc  hydrates  which,  like 
Glauber's  salt  and  washing  soda  NaiCO»,10HtO,  have  a  vapor  t«n- 
.idon  approaching  that  of  water  itself,  lose  their  wat^?r  at  ordinary 
temjjcratures  at  a  rapid  pace.  Now,  atmospheric  air  is  usually 
teas  than  two-thirds  saturated  with  water  vapor,  and  the  partial 
pressure  (p.  72)  of  tliis  vajmr  opposes  Ike  dissociation  and  tends  to 
pre\ent  the  liberation  of  the  water.  Thus  at  9°,  the  vapor  tension 
of  water  being  8.6  mm,,  the  average  vapor  pressure  of  water  in 
the  atmosphere  will  be  about  5  mm.  Any  hydrate  with  a  greater 
aqueous  tension  than  5  mm.  at  9°,  such  as  Glauber's  salt,  will 
tJicrcforc  decompose  t^iwutaueouAly  in  an  open  vcxsel.  But  those 
with  a  lower  vapor  len.iion,  such  as  the  pentahydrat*  of  cupric 
sulphate  with  a  tension  of  2  mm.  at  fi°,  will  not  do  so.  Granular 
calcium  chloride  Ca<.'lj,2Hi<)  is  used  in  dr}'ing  gases  because  it 
has  an  exceedingly  low  tension  of  water  vapor,  and  combines  with 
wate.r  vapor  to  form  CaCli,6HsO. 

The  water  of  hydration  is  known  colloquially  in  chemistry  as 
water  ot  dTstalUzatloa.     The  term  was  introduced  when  it  was  first 
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obeerved  that  a  hydrate,  in  decompoong,  crumbles  and  loses  ita 
origiiial  ctyetuUine  form.  But  the  phrase  is  mialeading.  Sulphur, 
potiissiuiii  ohlomtp,  and  tbouMnds  of  other  substances  are  crys- 
talline, yot  do  not  contain  the  elements  of  water.  All  pure  chemi- 
cal substances,  In  solid  form,  when  in  stable  physical  condition,  are 
crystalline.  Amorphous  (t.c.,  non-crystalline)  substances,  like  wax 
and  glass,  are  supercooled  Uquids. 

Bow  Formutte  and  Equation*  are  Obtained,  —  In  the  last 
few  pages  several  formula  (e-g.,  of  hydrates)  and  several  new  equa^ 
tions  have  been  given.  How  do  we  know  what  to  set  down  in 
making  an  equation?  We  cannot  learn  this  by  simply  writing 
formulffi  on  a  piece  of  paper.  In  each  case,  oxperimenta  must  be 
made  in  the  labonitory.  For  example,  how  do  we  know  that  the 
common  hydrat*  of  eupric  sulphate  has  the  formula  Cu.SO|,5HjO, 
and  not  CuSO(,HvO?  Wc  must  make  a  quantitative  experiment. 
We  weigh  a  porcelain  dish  or  crui;ible,  first  empty,  and  then  with 
a  little  of  th«  liydrute.  Suppose  the  difference  in  wdght  to  be  2.05 
g.  (=  weight  of  hydrate).  We  then  beat  the  dish  and  contentu, 
until  the  wat«r  is  driven  out,  and  weigh  again.  The  difference 
is  now  only  1.31  g.  (wtn.  of  anhydrous  eupric  sulphate).  The 
water,  therefore,  weighed  2.05  —  1.31  =  0.74  g.  AsMuiiiing  that 
we  know  the  forinuKw  (compositions)  of  eupric  sulphat<^t  jtnd  of 
water,  wc  obtain  their  formula-weiglits;  CuSO«  =  63.57  +  32,06 
+  4  X  16  =  159.63;  and  H,0  =  2  X  1.008  +  16  =  18.016.  The 
formula  must  be  CuSQi,xHiO.    Also 

159.03  IX  X  18.016  ::  1.31  :  0.74. 

Solving  for  r,  we  have  x  X  18.016  X  1.31  =  159.63  X  0.74,  or 
X  -  1159.6.1  X  0.74/  1S.016  X  1.31  =  5.00.  The  formula  is  there- 
fore CuSO(,5IIiO,  and  the  equation  for  the  deoaropgsition: 

CuS04,5H,0  -.  CuSOi  +  5H,0. 

To  make  an  eqiuition,  we  must  not«  what  flubstances  are  taken, 
and  recognize  by  their  properties  all  the  substances  produced.  If 
all  the  substances  are  well  known,  and  we  can  find  their  formulie 
in  a  book,  we  ran  make  the  equation  at  once.  If  we  oaonot  find 
the  forraulE,  wo  make  measurements  to  determine  the  proportions 
by  weight,  calculate  the  formultc,  and  then  make  the  equation. 
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Composition  of  Wat^r.  —  The  proportion  of  hydrogen  to  oxy- 
gon, in  waltr,  by  walf[ht>  is  2  :  15.879,  or  2.016  :  16.  The  projKir- 
lioD  by  volom*  is  2.0027  volum«!  of  hydrogen  to  1  volume  of 
oxygon.  That  iho  proportion  by  volume  is  very  close  to  2  :  1  tuiiy 
easily  bo  shown  by  mixing  Iiydrogon  and  oxygc-n  in  this  propor- 
tion, in  a  strong  tube,  and  oxplocllng  the  mixture  by  inoana  of  a 
spark  from  iin  induction  coil.  The  resulting  stcjim  condenses  anil 
the  whole  gas  vanishes.  If  different  proportions  are  used,  the 
exceaa  of  one  of  the  gases  remains  uneombiiicd. 


Gay-Lussac's  Law  of  Combining  yalameM. 

— The  almost  matheuiatiea]  exaetness  with  which 
erniall  integers  express  tlu's  proportion  i.s  not  a  mere 
cc^ucidence.  WlMiieTor  eues  unito,  or  gueoua  prod- 
ueto  m  (onnod,  tba  proportJoiu  by  volumv  (mtact- 
iiPCti  lit  the  same  tcnijJiTaturt^  and  prc-s^'iirf)  of  all 
tha  sueoua  bodioi  conoorrtad  okq  b«  reproHnted 
very  accurately  by  ratios  of  smaU  iategera.  ThLs  i:ri 
calh.-d  Oay-Lussac's  law  of  combiniog  Tolunua  ( 1808). 
Thus,  when  the  above  experiment  is  carried  out 
at  100*,  in  onler  that  the  product,  water,  may  Iw 
gaseou.'*  also,  it  is  found  that  the  three  volunies  of 
the  constituents  ffve  idmost  ejcactly  two  volumes 
of  Eitcam.  For  example,  15  c.c.  of  hydrogen  and 
7.5  c.c.  of  oxygen  give  15  c.c.  of  steam.  Of  course 
the  hydrogen,  oxj-gen,  and  steam  must  he  measured 
at  the  same  prassure,  and  the  tem|>erature  must 
rcmiun  constant  (100°)  during  the  experiment. 
Proper  mani])utstion  secures  the  former,  and  a 
jaoket  filial  with  steam  (Fig.  53)  the  latter  con- 
dition. Strips  of  paper,  I,  2,  and  3,  are  pasted  on 
the  jacket  in  such  a  way  that  equal  lengths  of 
the  eudiometer,  in  this  case  a  straight  one,  are 
laid  off.  The  three  di\Hsions  beinf;  filled  with  a  mixture  of  hydro 
gen  and  oxygen  in  the  pro|jer  proportions,  the  gaa,  after  the 
explosion,  shrinks  so  as  to  occupy,  at  the  same  pressure,  only  two 
of  them. 


Fid.  S3. 


.  —  L  Xame  aaue  f"mTiM-  tnamiiaa  (p.  96)  bom 
one  fjhjTacal  sum  1o  MDOlhEr.. 

2.  What  rridentr  k  tfaov  in  the  nsnmoB  behavior  of  t^ha 
and  cUcntfrnn  to  diov  that  tfaeee  liquids  have  faigji  T^MV  tataoos? 

3.  If  tlv  laiiiiiii  ti  the  steam  in  a  boils'  is  tan  atmoqtheres, 
at  what  taqxntoR  k  the  vatfr  facifins  (p.  88)? 

4.  Hov  many  grams  <ri'  v^ats  oooid  be  heated  from  2(f  to  100" 
br  the  heat  mpmcd  to  D^  1  kg.  erf  ice  at  (T? 

5.  What  do  T^iD  info- favn  the  tact  that  ahnn  and  washing  soda 
loae  tfaeb-  vata-  ctf  hydntim  vbsi  kft  in  opai  vesds,  nhile 
gypsomdoee  not? 

6.  Which  fact  Efaovs  nwct  ccaxhiaT^  that  bydiates  are  tme 
dianiea]  cooipoundg? 

7.  GyiMim  is  a  hydnte  ttf  eakinm  sulphate  (CaSO«).  If  6  g. 
of  gypsnni,  idm  he^ed,  looe  1.236  g.  of  water,  what  is  the  fonnola 
of  the  hy«bate? 

8.  Id  what  ways  does  a  hydrate  differ  fran,  (a)  a  soJutiao,  Qn)  an 
hydrazide. 

9.  SKMiId  yoo  e^Kct  to  find  any  difference,  in  reelect  to  cfaemi- 
ol  activity,  bctwwai  the  three  fonns  of  wster?  Have  we  had  any 
eiiwriiueutal  ccnfinnation,  or  the  revose,  of  this  oooduaon  (p. 
SI)? 

10.  Xame  aooie  aystalline  subetanccB  wbid  are  not  oaed,  cr 
do  not  ocear  in  the  form  of  hydrates. 

11.  Define  the  poiposes  for  which  evaponUioo  and  <fistiIIatMD 
■renaed. 


CHAPTER  TX 

HOLKCUUS  WKI0HT8  AMD  ATOUIC  WSIOHTS 

Oat-Lcssac's  law  (p.  98)  shows  that,  when  Bubstiiaccs  are 
measured  in  the  gaseoue  condiUoQ,  and  by  volume  (not  by  wi-i^t), 
the  proportions  in  which  they  combine  can  be  re|ffcscntMi  by  anuUl 
whole  niimbera,  such  an  2  :  1,  or  I  :  I,  or  2  :  3.  The  number*  arc 
much  simpler  than  when  proportions  by  tvdght  are  empIoyi\l. 
Thus,  lead  and  oxygen  combined  in  the  proportions  100  :  7.72  by 
weight.  It  would  seem,  therefore,  that  the  shortest  route  to  i 
simple  methods  for  expressing  t-ombining  proportions  must  liftj 
through  a  study  of  volumes  of  gases  mid  vupont. 

MOLECITLAR   WeIGOTS 

The  Chemical  Unit  of  f'ohime  for  Cane*:    22A  Liters. — 

Tlie  first  tiling  we  nxiuire  is  a  suitiiMe  unit  volume.  In  mnkiiig  a 
ehoiee,  wc  have  to  ketrp  in  mind  the  fact  that  many  3ubr<lniK'i:a 
cannot  (tasily  be  converted  into  vapor,  nnd  tliat  therefore  ni«a»>  ■ 
urement  of  gaseous  volumes  cannot  entirely  displace  the  meAsuro-  " 
ment  of  weights.  The  menaurenieut  of  gaseous  volumes  is  only 
to  furnish  the  key  to  the  s>'St«m.  Renege,  in  ehoo»ug  our  unit 
volume  of  gas,  we  must  choose  one  which  bears  a  simple  relation 
to  our  unit^  of  weight.  Now,  the  unit  of  Tolum*  chosen  is  that  of 
St  griDM  of  axygm,  which,  at  0°  u)d  7S0  mm.  prauura,  is  32.4  Uten. 
At  this  stage,  it  may  appear  that  this  t.s  an  umluly  large  unit 

—  that  16  grams  of  oxygen,  occupying  11.2  liters,  might  have 
Rtiffi<«d.  As  we  prooced,  however,  wf.  shall  find  that  a  smaller 
unit  than  22.4  liters  leads  to  a  numljer  les.s  than  unity  for  the 
atomic  weight  of  hydrogen.  There  is  no  theoretical  or  ohemiral 
otijection  to  a  unit  involving  an  atomic  wei^t  for  hydrogen  that 
is  lesw  than  1,  but  chemists  are  unanimous  in  preferring  to  have  an 
arithmetical  unit  in  the  scale,  simply  as  a  matter  of  convenience. 
So,  reasoninK  back  from  tin's  decision,  they  have  found  it  necessary 

—  we  shall  perceive  the  reason  presently  —  to  choose  S2.4  Iit«n  in 
the  fKMOua  coDdition  as  the  unit  quantity  of  a  aubstancs. 
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We  shaD  understand  what  follows  much  more  readily  if  n-e  have 
before  ub,  in  our  minds  at  least  or,  better  still,  in  the  form  of  a 
wooden  box,  a  representation  of  this  unit  volume  (¥\g.  54).  A 
cube  11. 1  inches  in  height  holds  22.4  liters.  It  is  to  be  uuder- 
tbat  under  conditions  other  than 
and  760  mm.,  this  unit  volume 
changes  in  accordance  with  the  taws 
of  gases.  In  this  way,  it  always  con- 
tains the  same  quantity  of  a  given  kind 
In  what  follows,  the  standard 
conditions  arc  assumed,  unless  other 
conditions  are  specifically  mentioned. 

Fiu.  M. 

W9ight»   Occupying   the   Vnit    Volume  — 22.4   Litmra.— 

order  that  we  may  keep  in  touch  with  the  ft-cighls,  the  following 
gives  the  weights  of  equiil  volumes  of  several  gtisLvt  luid 
>pon.  The  6rst  ctdumn  oonttiins  the  wciglits  of  I  liter.  Th« 
le-tbousandth  part,  of  each  of  these  wci|^t«  is  the  dcniity  * 
I.  73)  of  Ihe  gas  (weight  of  1  cc).  The  cxiterimcnuU  method 
mcuKuriiig  the  weight  of  1  liter  of  a  gas  has  already  be«u  de- 
scribod  (p.  73).  In  the  second  column  are  the  weights  of  22.4 
litere,  obtained  by  miiHiplyihg  the  values  in  the  fu«t  column  by 
22.4.  It  will  be  observed  that  the  weights  of  equal  volumes  of 
the  gases  cover  a  wide  range  of  values  from  2  for  hydrogen  (col.  3) 
271.5  for  mercuric  chloride. 


OmmmVipdi* 


"Bydrogon 

C^«e«» 

QuoriDe 

RydTORca  chloride 
CwboD  dModda  .  . 

Water 

Mmcutv 

Mercuno  cUorid*  . 
Ait 


Ttitcbi*  of  Oh 

ns((hi(irti.i 

IMm.  0"  null  ?M 

L-ilon   IMdIvtiUbt 

mm. 

H'«itM). 

0.000 

2.016 

1.420 

32.00 

s.ioe 

70  02 

1.028 

3ti  468 

1.966 

44  00 

0.S045 

18.010 

8.032 

300.6 

12.007 

271.62 

1.S83 

as  .965 

*  Tb^  «■«!>■■  an  ooRieUd  fur  \ba  lira  dvrlMinu  tron  Ifaa  bin  of  vns  (pp.  Tfc'TQ. 

*  Bcuaocuoca  dcoiity  in  cxprewnd  on  the  biuus  itir  —  I.    One  Iit«r  of  aix 
weighn  1.383  g.     tlcncc,  if  one  titer  of  a  gna  wpiKbs  3.0  (;.,  iu  deoatty,  air  -  li 

■ii  rounil  by  the  prui>urtioa:  1.393  :  1  ::  3.6  ;  «. 
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The  values  for  the  vapors  of  water  (b.-p.  100°),  mt'rcury  (b.-p. 
357*),  and  mercuric  chJoride  (b.-p.  300°)  are  rat-asurcd  at  high 
temperatures  and  re<luced  by  rule  (pp.  71-72)  to  O''  aud  760  mm. 

Molecular  1^'mghta,  —  In  this  dUcu^on  of  volumcts  and  of 
weiglit*,  wi!  niuat  uwt  overlook  Ihc  iutcrprctatioQ  of  our  results  in 
term.-f  of  mulvculi».  The  mitsses  of  ffm  we  handle  are  aggr(.-gat4.''a 
of  molecules,  and  the  molisiulca  arc  phyHicaliy  the  real  uxiita  of 
matter. 

Now,  nceording  to  Avogiidro's  law,  eqmd  volumes  of  giises  (fit 
the  same  I.  aud  p.)  contain  equal  numbers  of  molecules.  The 
weights  in  each  column  of  the  tabic  arc  therefore  weights  of  equal 
numbers  of  molecules.  The  chemicsJ  unit^  in  llic  Wl  column 
show,  therefore,  Um  r»Utiv«  wsights  of  th»  individual  molsculss  of 
the  nibstuicflK  namad.  On  this  account  they  arc  called  the  iw>- 
leculsr  wtights  of  the  respective  HubKt.incea. 

Since  the  22.4-lit«r  volume  holds  32  grams  of  oxj-gcn  and  2.016 
grama  of  hydrogen  —  the  gram  being  used  throughout  —  thia 
volume  is  called  the  gratn-molecular  7oluta«  ((l.M.V.)  and  the 
weights  just  mentioned  arc  the  gram-nu^cular  weights.  I-V> 
qui-iit.Iy,  these  ponderous  terms  are  shortened  to  mol&r  volume  and 
moUr  w«ielit,  an<l  the  latter  even  to  mole.  1'iius,  a,  molf.  of  chlo- 
rine is  70.02  g.  of  the  simple  substance  and  a  mote  of  hydrogen 
chloride  is  36.468  g.  of  the  compound.* 

Measurement  of  Molar  Weights  (Moles).  —  We  maj'  now 
stale,  in  brief,  the  method  of  finding  the  molar  (gram- molecular) 
weight  of  a  substance  thus:  Weigh  a  known  volume  of  the  substance, 

'  A  oamnion  quuotiou  in:  Do  not  molueuloA  of  differeul  Bubutanoes  dUTer 
In  nse,  &iid  will  nut  tiicnumbcwrcrjuired  tolUl  thrG.M.V.  thcrcf orn  be  diilrr- 
cnt?  The  muwer  is  tliai  tLc  t[iu1(>ouIv«  are  all  no  Bumll  compiirt-d  with  tlio 
flpucre  botweoD  tbcm  (n(,  7G0  mm.)  that  the  diKtoncm  from  nurfncc  to  nurfiLcNi 
BTi!  praotiiMiHy  the  same  tu  friuu  o^iitor  to  cent^T.  A  G,M,V.  of  oxygeo, 
when  liqueBod,  givoi  Igeb  thoii  32  c.c.  of  liquid  Dxygvu,  at  hvs  thun  l,'70a  of 
the  vduine  as  gas.  Il  In  only  when  Ra«»  sin*  sn  seviTiily  compppssM  that  ibc 
nmmtsa  of  l.hc  iiiolm!ulai  to  onu  aiiotln!r  apptoacliw  that  found  in  the  liquid 
tvindilion  that  thr  rfTctl*  of  the  bulk  of  the  molcculcM  bncomc  comipiRuoiu, 
and  n  dilTer«ic«  in  the  behavior  of  ililToreut  gasea  is  ootieeable.  Bui  in  iho 
work  <lui!U(ecd  in  this  chapter,  pr«iium>  ava  one  atmoephere  ore  intention- 
ally avoided. 
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u  MIT  t«mp«Tmt(ira  and  prusim  ftt  which  it  is  gftwout,  reduc«  tbU 
toIuum  bf  ml*  to  0°  and  760  mm.,  uid  ulcuUU  by  proporUon  the 
weljht  of  33.4  Ut«n  (sa-  Exorctscs  1,  2,  3,  5). 

Th&t  qtuntitj  of  ooch  ffuaooa  subxUQca  which  ftt  0°  uid  760  mm. 
would  fiU  the  Q.M.V.  cubo  Is  ths  unit  quantity  of  tha  subRtanc*  for 
kll  tluoretioal  purpoaaa  In  chflmisur.  It  rcprusoulH  the  relative 
weight  of  the  niyk-culwt  of  the  substance.  Wc  shall  employ  it 
presently  for  thf  purpose  of  dctcrminiug  the  relatm  WeighU  <^ 
\^atome,  or  atomic  wi-ights. 

^^  The  i\umber  qf  MotectiUx  in  a  Mole.  —  The  molecular 
weight  or  mole  of  a  substance  ix  not  the  weight  of  a  sin^e  molecule. 
It  is  only  the  rehtive  weight  of  the  molecule  of  the  substance.     It 

I  is,  howevp-T,  the  weight  in  grome  of  a  fixed  number  of  molecules, 
for  22.4  liters  (or  auy  other  volume)  contains  equal  numbers  of 
molecules  of  different  gnsi-ji.  The  actual  uuintier  Iia.-?  been  deter- 
mined.  Thus  Jeiin  Perriii  found  valuer  by  several  experimental 
methods  which  rangwi  iwtwctfn  5.9  X  lO'*  (that  h,  59  followed  by 
22  ciphers)  ami  fi.9  X  10".  Rutherford,  ii.^ing  an  entirely  differ- 
ent plan,  obtained  5.7  X  10**  for  the  gas  heiium.     The  value 

1  which  is  accepted  as  most  accurate  was  that  obtained  by  R.  A. 
Millikan  of  the  University  of  Ohicjign,  by  the  use  of  a  still  differ- 

Lcut  method,  namely,  6.07  X  10"  (or  fi070ii). 

^H  Atomic  Weights 

^P   Chemical   Vnit   Quantities  oj  Elements.  —  We  are  now 

^^approiK'liiiig  the  tiueslion  of  units,  in  whieh  to  express  combining 
proportions,  from  -t  different  view  point  from  that  employetl  in  the 
earlier  chapters.  We  were  then  asagoiog  numbers  for  the  quan- 
tities of  the  constituent  elements  of  a  compound  (such  as  iron  : 
oxygen  ::  111. 68  :  48,  p.  9)  without  any  consideration  of  the 
nugoitude  of  the  lotal  weight  of  the  constituents.  At  that  time, 
we  had  no  reason  before  us  to  indicate  that  this  total  might  require 
comuderation.  We  now  start  by  determining  and  aasigning  the 
totiil  weight  of  the  compound,  and  it  is  our  next  task  to  consider 
the  Hubdiviaion  of  this  total  amon^  the  constituenta.  Evidently, 
if  the  unit  quantity  of  the  compound  has  been  properly  chosen, 
it  must  be  subdivisiMe  into  one  or  more  unit  quantitie»,  of  »uil- 
aMe  diincnsiomi,  of  each  element  in  the  compound.    Let  uk  now 
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set  down,  and  examine  the  results  of  such  a  eubdiviston  in  the 
ca»e  of  several  compounds.  To  be  more  precise,  we  take  22.4 
liters  of  every  substance  —  one  culx;ful  in  the  gaecoua  condition 
—  as  the  total  quantity.  We  mnke  an  analj"ais  of  a  sample  of 
the  iiubstance,  in  case  it  is  a,  compound,  to  ascertain  the  propor- 
tions in  which  the  elements  arc  present  in  it.  We  then  divido 
the  weight  of  22.4  liters  of  the  compound  between  the  different 
elements  in  the  pro]X)rlion  shonii  by  the  analysis. 

for  example,  the  cube  holds  36.468  g.  of  hydrogen  chloride  gas. 
Thia  amount,  when  decomposed,  yields  1.008  g.*  of  hydrogen  and 
35.46  g.  of  chlorine. 

Another  example:  Suppose  the  substance  in  a  liquid,  like  pbos* 
pborua  oxychloride.  Wc  determine  the  weight  of  a  measured 
volume  of  its  vapor,  at  a  properly  chost^n  tempe-rature  aud  pres- 
sure, and  the  result  gives  us,  by  calt^ulation,  the  weight  of  22.4 
liters,  the  molecular  weight,  irCs.,  153.38.  That  is,  153.38  g.  of 
the  substance  would  fill  the  cul>e,  if  it  could  be  kept  a.t  vapor  at 
0°  and  760  mm.  The  analysis  ahows  that  thu  anunini  of  the 
substance  contains  31  g.  of  the  element  phosphorus,  16  g.  of  the 
clement  oxygen,  and  106.38  g.  of  the  element  chlorine. 

In  the  following  table  a  few  tunple  reiulta  of  the  process  Just 
outlined  are  given.  The  first  column  contains  the  molar  weight, 
i.e.,  the  weight  of  the  substance  which  occupies  the  C.M.V.  cube. 
In  the  other  columns  are  enteied  the  weights  of  the  various  ele^ 
ments  which  together  make  up  the  total  molar  weight.  -  To  sim- 
plify the  numbers,  the  values  used  are  hydrogen  1,  phosphorus 
31,  mercury  200,  instead  of  1.008,  31.0-1,  and  200.6,  respectivcJy. 

AUtmic  Weights.  —  To  contain  similar  data  for  all  the  volatile 
compounds  of  every  known  element,  a  huge  table,  of  which  this 
might  be  a  small  corner,  would  be  required.  With  such  a  table  at 
hand  the  atomic  weight  of  each  element  could  promptly  be  picked 
out.  Thus,  in  the  carbon  column  it  would  be  found  that  all  the 
weights  of  carbon  were  either  12  or  integral  multiples  of  12,  and 

*  It  will  be  observed  that  if  the  unit  (or  molooular  weighu  had  btwn  Itm 
than  the  number  of  moleciilca  in  22.4  IJlcra  of  oiygfui,  thrn  nn  rqual  numtiri  of 
molecules  or  hydroiceti  chloride  would  hav«  oontajniy]  lea»  than  l.OOS  k.  of 
hydrogen,  aad  the  Ktunuc  weight  of  thin  denieat  would  theu  have  bvuu  Ihh 
thsa  unity. 
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SobfUsm. 


Hrdroffen  cblorido.  .  . 
Cblorine  dioilde.  .  .  . 
Pboaphoru-i  triubloride. 
PhonphoTUK  axycMoridc 
I'hf>«i>lioru>i  pe'nloxide  , 

Pliosplii[i« 

Wntcr 

Methane 

Acct>*leae 

tithylcnn 

Formaldehrde 

Aci^tHi  neid 

MiircurouM  nhloride  .  . 
Mercuric  chloride  .    ,    , 


UoUr 

Waitbi. 


36.40 
61. K 
137.38 

ina.aa 

IS 

18 
30 
28 

ao 
so 

235.16 
270-93 


Wiitbtt  lit  CoaatlliHnU  in  llolu  Woistil. 


3S.4fl 

36.46 

106.38 

100.38 


35.46 
70,112 


33 

is 

160 


31 
31 
121 

31 


a 

M 
34 
12 
24 


200 
200 


UolnuW 
FDrmulb. 


HQ 

ao. 
pa. 

POCl, 

P.O„ 

PH. 

EM> 

CH. 

C,H, 

C,!l. 

CU/> 

CU^O, 

IlgCl 

HkCI, 


th»  is  therefore  the  moeit  convenient  unit  weight  (and  therefore 
the  atomic  weight)  of  cartwn.  k:>izmlarly,  the  atomic  weight  of 
oxyffftn  is  !fi,*  of  phoaphoniB  31,  of  mercury  200  (see  Exercise  4). 

The  fact  tliat  aU  the  numbers  in  any  one  column  turn  out  to  be 
even  multiples  of  a  smgle  number  need  not  seem  mysterious.  The 
molecule  of  every  compound  containing  chlorine  must  contain 
one,  two,  three,  or  some  other  whole  numljcr  of  chlorine  atoms,  for 
chlorine  atoms,  like  other  atoms,  do  not  furnish  fractions  of  atoms 
in  an>'  casea  of  combination.  Now,  the  wei^t  of  chlorine  in 
6070x1  atoms,  atwuminR  one  atom  of  chlorine  to  each  molecule  in 
22.1  liters  of  some  gaa  containing  chlorine,  must  be  35.46  r. 
Hence,  if  the  weight  of  chlorine  in  22.4  liters  (607Cb  molecules) 
of  the  compoimd  difTej^  from  35.46  g.,  it  can  do  so  only  because 
there  are  two  atoms  of  chlorine  per  molecule,  ^ving  2  X  35.46  g., 
or  three  atoms  giving  3  X  35.46  g.  of  chloriuc,  and  so  forth.  Thus 
tbe  quantities  of  chlorine  in  the  G.M.V.  of  oA  compounds  of 
chtorinn  must  be  a  multipli?  of  35.46  by  unity  or  some  other  integer. 

When  the  atomic  weights  have  finally  been  selected,  we  can  go 
through  the  table  and  change  all  the  numbers  into  multiples  of  the 

*  Tli^  diiTpmnw  brt.wivn  tJw  anit  quanttty  of  axygrn  in  coinpounda 
(oMDcJy  16}  aa<l  the  unit  qu&ntity  of  (m  oxygen  (32)  willbcdiMuaaodprnKnlly. 
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chosen  atomic  wdgbte.  Thus,  for  70.92  we  write  3  X  36.46,  and 
for  106.38  we  write  3  X  35.46,  and  so  forth.  The  reader  should 
prepare  such  !i  modification  of  the  tabic.  With  this  new  form  of 
the  table  before  us,  wc  cua,  finally,  replace  the  atomic  weights  by  ■ 
the  symbols  which  stand  for  them,  writing,  for  35,46,  CI,  for 
2  X  35.46,  Clj,  and  so  forth.  The  result:*  of  doing  this  in  each  line, 
i.e.,  for  each  substance,  lurc  collected  at  the  ends  of  the  lines  in  the 
lust  column  of  the  tabic.  The  reader  should  himself  repeat  tho 
substitutions  of  the  symbols,  and  so  verify  the  formula-  given. 
These  formula*,  since  they  are  bused  on  the  molcculiir  weights, 
in  such  a  way  that  when  the  nuiucricul  values  are  substituted  for 
the  symbols  the  total  restores  to  us  the  molecular  weight,  are 
called  molecular  formulce. 

As  ii.  definition,  Oie  Atomic  weight  of  an  element  may  be  stated 
to  be:  The  smallest  of  the  wsights  of  the  «lement  found  in  th« 
moleeular  welghtt  of  all  iU  volatile  compoundB,  so  far  as  the^-  buvtt 
bw'ii  examined. 

It  in  hardly  neccssftry  tu  add  lii:i.i.  the  utoiiiie  weights,  found  iia 
described  above,  arc  equally  strvietuibic  in  expressing  the  compo- 
sitions of  compounds  which  arc  not  volatile.  The  atoms  in  non- 
volatile compounds  are  identical  in  properties  with  the  atoms  of 
the  same  elements  in  volatile  compounds.  If  an  element  gives  no 
volatile  compounds,  other  metbot^  of  fixing  its  atomic  weight  arc 
available  (see  Dulong  and  Petit'e  law,  p.  108). 

Although  in  tJns  section,  as  well  as  elsewhere,  we  have  emphn- 
cizcd  the  fact  that  atoms  are  not  di\'ided  into  part-s,  this  ma-st  not 
be  t!ikeu  to  mean  that  atoms  are  ineajiable  of  being  broken  up. 
It  means  only  that  in  ordinary  chemical  changes,  the  atoms  com- 
bine imd  .separate  a.t  wholes.  I  ndeed,  we  now  know  that  the  atom 
of  radium  (<j.v.)  ^ves  off  atoms  of  helium,  an<l  leaves  an  atom  of 
lead,  and  that  the  atoms  of  one  or  two  other  elements  disintegrale 
in  a  similar  way.  Some  day  meana  of  breaking  up  any  or  all 
kinds  of  atoms  may  be  diHcovered. 

Many  chemists  have  contributed  to  the  determination  and  re- 
vision of  the  atomic  weights.  The  Swedish  chemist,  Berzehus, 
devoted  many  years  to  the  accurate  measurement  of  combining 
proportions.  Stas,  a  Belgian  (1860-1870),  made  a  number  of 
determinations  with  great  exactness.  Morle>''s  (1895)  value 
for  combining  proportions  of  hydrogen  and  oxygen  alone  repre- 
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several  years  of  work.     T.  W.  Richards  of  Harvard  Uni- 
y  has  recently  carried  many  of  the  values  to  a  higher  degree 
of  accuracj'. 


¥ 


Why  22.4  Liters  was  Chosen  as  the  Vnit  Volume.  —  We 

can  now  soc  why  the  volume  occupied  by  32  g.  of  oxygen,  namely, 
22.4  liters,  was  taken  aa  the  standard  for  the  scale  of  molecular 
quantitiui.  This  gave  us,  for  example,  36.468  g.  as  the  weight  of 
22.4  1.  of  hydrogen  chloride,  wliich  in  turn  contains  1.008  g.  of 
bydiogeu.  A  emiiUcr  weight  of  oxygen,  with  correspondingly 
cmatler  stunUard  volume,  would  have  held  an  amount  of  hydrogen 
chloride  (and  of  other  coinpounds  coutuiuing  onv  atom  of  hydro- 
gen per  molecule)  which  would  have  been  lesx  than  1  gram.  The 
choice  wa«  made  to  seeure  something  clo«c  to  an  arithmctictd 
unit  in  the  8cale. 


Advantages  of  Atomic  Wetghtn.  —  Although -the  method 
of  aelecting  atomic  weights  involves  rather  complejc  reasoning, 
these  weights  repay  the  trouble,  because  they  represent  the  rela- 
tive weights  of  the  atoms  themselves.  They  are  thus  much  mora 
valuable  in  helping  us  to  understand  chemical  behavior  and  in 
enabling  us  to  classify  the  phenomena  of  chemistry  than  would  be 
any  other  units  of  weight  we  might  have  chosen.  'ITie  following 
are  some  of  the  udvuntugcs  they  ofifer: 

1.  The  atomic  weight  of  an  element  has  but  one  value,  and 
this  value  is  definitely  determinable.  The  advantages  of  usmg 
Avogadro's  principle  (I**ll),  ""d  taking  a  unit  volume  of  gas  as 
the  basis  of  chemical  units,  were  not  perceived  by  chemists  until 
Caonizzaro,  in  1858,  succeeded  in  setting  them  forth  in  a  con- 
vincing manner.  Previous  to  that  time,  different  chemists  used 
difTrrent  unit  weight^!  for  the  same  cloincnt,  and  therefore  wwigned 
different  fomiulfe  to  the  same  compound,  and  much  confusion  ex- 
ieteil.  After  1858  chemists  united  upon  the  present  values  for 
Atomic  wdghte. 

2.  The  atomic  weight  of  an  element  has  a  valence  (p.  61),  while 
eciuivnlents  are  eciui-viilent.  Wiile  valence  is  a  helpful  conception 
in  all  branches  of  chemistry,  organic  cheniislry  is  especially  in- 
debted to  the  conrepliiiii  of  tlie  quadrivalence  of  carbon  for  much 
of  its  developniejit  and  niait  of  its  orgauixation.  The  full  illus- 
tratioa  of  this  point  is  beyond  the  limits  of  the  present  hook. 
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3.  The  periodic  system  (q.v.},  the  bans  of  a  plan  for  cloHxifying 
the  propert,i<»  of  lUl  <:huuiical  substancvs,  iit  founded  uptm  the 
atomic  weights. 

4.  Duloiig  imd  Pctit'a  law  is  baited  upon  atomic  weights.  This 
law  furiiisIiCi<  also  an  alternative  means  of  determining  atomic 
weights  tlint  lius  friHiuently  reiidcrvd  valuable  senice,  and  on  thij« 
account  forms  the  subject  of  the  next  section. 

Dulong  and  Petit's  Lair,  an  Alternative  Meana  of  tieter- 
mining  Atomic  Weight^.—  It  was  first  pointed  out  (1818)  by 
Duloiig  and  Petit,  of  the  ficok'  Polytcchnique  in  Paris.  Ihat  when 
the  atomic  wotghts  ot  the  «lement8  wera  multiplied  by  the  specific 
heats  of  the  simple  substances  in  the  solid  condition,  the  products 
were  approxlmfttelj'  the  some  m  all  cases.  In  other  words,  the  i<pe- 
cifie  hcHtM  tire  inversely  proportional  to  the  luaguitudeM  of  the 
atomic  wwghts.  The  table,  in  whieli  round  numbers  have  been 
used  for  the  atomic  weights,  sliows  that  tlie  product  lies  usually 
between  6  and  7,  averaging  about  6.4: 


y"iS  B 


I 


EkaniMi. 


Lithium.  . 
Sodium  . 
Megoeaiiun 
Silicon  .  . 
PboBphorua 
rt'ellow) 
CelaiuiD.  . 


Wl. 


33 

34.3 

28. 3 

31 
40 


ap.  Hi. 


0.!M 
0  2» 

0.24S 
0  16 

0  ]t» 
0  170 


Prod. 


B.fi 
«.7 
6.0 
4  6 

5.9 
G  S 


Eftnaaut. 


Iron 

ZJDC 

BromiDe  (Solid) 
Cold  ,  .  .  - 
Mcrniry  tSoiid) 
Urimiuni    .   .  . 


Atoinifl 
Wt. 


06. 

80 
197 
300 
33S.S 


tin.  Ht. 


4> 


1.113 

.063 

D.084 
0  032 
0  033u 
0.027B 


Prod- 

UM. 


6» 
6  1 
6.7 
S.3 
6  7 
0.6 


Another  way  of  expressing  this  law  will  ^ve  it  greater  chemical 
sigiiifieance.  The  specific  heats  are  the  amounts  of  heat  required 
to  raise  one  gram,  that  is  one  physical  unit,  of  e^ch  clement  through 
one  degree,  Wlicn  we  multiply  this  by  the  atomic  weight,  wc 
obtiiin  the  amount  of  heat  requiri^  to  raise  one  griim-atomic  weight 
of  the  element,  that  ia,  one  ebemieal  unit,  through  one  degree. 
Tlie  vidues  of  tliis  product  are  approximately  cqu.al.  Since  there 
are  equal  numbers  of  atoms  in  one  gram-atomic  weight  of  each  ele- 
ment, it  follows  that:  Bqual  unounn  of  hwit  raise  cqu&l  numbers 
of  atoms  of  all  elements  ia  the  solid  form  Uirouf  b  equtl  tnteirals  of 
temperature. 
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}    It  will  be  seeii  at  once  that,  although  the  law  of  DuIoiiR  and 
Petit  is  purely  empirical,  it  may  nevertheleds  be  used  for  fixing  th« 
fttomic  walgbt  of  an  element  of  which  no  ToUtUe  compounds  are 
known.     We  can  always  measure  that  weight  of  such  an  element 
wliich  rombines  with  one  aiomic  iveigkt  of  anoUier  element.    Since 
^the  elements  concerned  mu&t  combine  atom  for  atom,  or  in  some 
iple  ratio  such  aa  1  :  2  or  2  :  3,  it  follows  that  the  weJfiht  found 
is  either  the  atomic  weight  or  some  multiple  or  Kiihrnultipie  of  it 
by  a  whole  number.     When,  therefore,  we  multiply  this  weight 
the  specific  heat,  we  discover  at  once  whether  the  product  is  • 
'  6.4  or  some  simple  fraction  or  multiple  of  this  number.     For  ex- 
ample, suppose  the  atomic  weight  of  calcium  to  be  unknown, 
^Wc  find  by  amilysis  that  calcium  chloride  contains  20  parte  of 
Jcium  combinwi  with  35,46  pnrts  (the  atomic  weight)  of  chlo- 
Now  the  specific  heal  of  xoUd,  metallic  calcium  is  0.170. 
This  number  niultipliod  by  20  givc»  as  the  product  3.4.     Evi- 
1  liently,  therefore,  the  atomic  weight  is  not  20,  but  40,  for  the 
[product,  6.S,  then  agrees  fairly  well  with  the  average  for  other 
lelements.  j 

MoLECtrLAR   FoHMtTL*  ^ 

Molecular  Formube  of  Compounds.  - —  If  the  molar  formulffi 
in  the  table  (p.  105)  be  examined  it  will  be  observed  that  seveTal 
art  not  in  their  simplest  terms.  Thus,  the  formula  of  acetylene  is 
CjHj.  The  formula  CH  would  represent  the  composition  of  the 
substance  equally  well,  for  12  :  1  is  the  same  as  24  : 2.  But  the 
formula  CH  gives  a  total  of  only  13,  wlule  CjIIj  sliows  the  total 
weight  of  the  molecule  to  be  26  und  records  for  ua  therefore  the 
wdghi  of  Oie  G.M.V.,  as  well  as  the  compoation  of  the  substance. 
We  shall  find  this  additional  property,  peculiar  to  the  molecular 
formula,  to  be  a  fcalurt^  of  the  greatest  practical  value.  Some 
the  practical  uses  of  this  improvement  in  our  formula  will  be 
"  illustrated  in  this  chapter,  and  there  is  an  example  of  one  of  them 
in  the  tabic  il«i'lf.  Thus,  the  molecular  formula  of  acetic  add  is 
JCjfUO],  and  not  the  Biinplcr,  identical  proportion  CUjO.  The 
Flatter  VA  the  molccuhir  formula  of  a  totally  different  substance, 
formaldehyde,  dow  much  used  an  a  dismfectant.  The  vapor  of 
thifl  subetanoc  lias  only  half  the  density  of  acetic  acid  vapor,  and 
tiUB  fftct,  rctXHxled  in  the  formula,  helps  to  rewind  us  that  the 


no 
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subetancee  are  diHcient.  Still  another  substance  of  the  same 
compoedtion  is  grape  sugar  (dextrose),  CtUuOt.  In  addition  to 
this  and  other  practical  advantages,  molecular  formulffi  satisfy  also 
the  claim  of  logical  consistency.  If  the  symbols  represent  the 
atomic  wciglits,  the  formuls  should  be  constructed  so  as  to  rei>- 
resent  the  molecular  weights. 

Molecular  formulte  like  CiHi  and  C1II4O1  are  easily  interpreted 
in  terms  of  the  atomic  hypothesis.  C  represents  one  atom  of 
carbon  and  II  one  atom  of  hydrogen.  But  there  is  no  reason 
why  a  molecule  of  acet>-tene  should  not  contain  two  atoms  of  each 
kind.  Similarly,  the  molecule  of  formaldehyde  contains  four  atoms 
(CHjO),  and  one  of  acetic  acid  eight  atoms  (C,H«Oi),  and  one  of 
dextrose  twenty-four  atoms  (C»IIuO«),  although  the  relative  num- 
ixn  ot  each  kJjid  arc  the  same.  Indeed  this  hypothtaiB  helps  to 
clear  the  matter  up,  for  chemi«ts  go  so  far  as  to  account  for  the 
chcmicul  lx>kuvior  of  the  :nibstancc»  by  au  imagjiicil  g^^^iiiietrical 
arraugeiiH-ut  of  the  atoms  in  their  molecuk-.*,  iiml  Xhcit:  three 
kinds  of  molecules  are  euppoecd  to  differ  in  structure  as  well  as  in 
the  number  of  atoma  they  couttuo. 

The  Molecular  Weights  and  Formuhe  of  Elementary 
Subatancea.  —  The  following  table  gives  the  densities  of  some 
elementary  substances,  including  thoae  of  which  the  HUbstauces 
previously  liiscufwed  are  compounds.  The  first  column  shows  the 
atomic  weight,  which  in  each  case  is  the  minimum  weight  of  the 
element  found  m  a  O.M.V.  of  my  eomptnmd.  For  example,  16  g. 
of  oxygen  and  3.5.46  g.  of  chlorine  are  the  weights  in  the  amounts 
of  water  vapor  and  hydrogen  chloride,  respectively,  which  fill  the 
cube  (22,4  liters).  The  symbol,  in  the  next  column,  stands  for 
this  quantity  and  occurs  in  many  formulse,  such  as  UtO  and  HCl. 
It  representH  the  combining  unit  or  atom.  In  the  third  column  is 
given  the  weight  of  the  /r«e,  elementarj-  substance  wliieh  fills  the 
G.M.V.  and  is  the  molecular  weight.  It  shows  the  weight  of  the 
molecule  relative  to  the  weights  of  the  other  molecules  in  the  same 
column,  and  to  the  weights  of  the  atoms  in  the  first  column.  In 
the  lust  two  columns  are  given  the  molecular  weights  resolved 
into  multiples  of  the  atomic  weights  and  the  corresponding 
formulffi. 
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Alomw 
WlUht. 

baL 

Wotchiu 

Woichc  in 
OJI.V.  rue 

Fcnnulk            ^H 

BfcUIIBl.                ■ 

^1  CMariae 

16.00 
1.008 
35.46 
31  04 

200  6 
16.00 

112.4 
39.10 
23  00 
66,37 

0 
H 
CI 
P 

g' 

K 
Zn 

32.00 
2  016 
70.  n 

121.16 

300.6 
4S,00 

112.4 
39.10 
23  00 
65.37 

3X16.00 
2x1.008 
3X35.46 
4x31.01 
1X20O.6 
3X  16.00 
1x113  4 
1x39.10 
1X23  00 
1X06  37 

a.       ■ 

g.'    1 
"    1 

• 

K     TV  reader  cannot  fail  to  note  a  striking  peculiarity.    In  the  cane 
^B  <^  ohlorine  the  molecular  weight  itt  70.92,  while  the  atomic  weij^t 
^Hfe85.46.    Wiib  hydrogen  and  oxygen,  also,  the  molecular  weight 
^^^Hffttaios  two  atomic  wt^it^ta.     Yet  thifi  in  not  a  general  rule,  for 
^H  witll  mercury  and  se%'eral  other  elements  the  molecular  and  atomic 
^^rvnjghts  are  alike,  whilt*  with  phoephoruH  the  molecular  ts  four  times 
^Vtbe  Atomic  weight.     Evidently  there  is  no  rule,  and  earh  element 
f       has  to  be  8ubject«d  to  separate  experiment^]  study.    The  result  is 
1         that  for/ree,  e\emfn\tary  chlorine  u*  uae  Ihe  moUcidar  formula  Cli,  for 
^^  frte  hydrogen  Hi,  for  elemerUary,  uncombined  oxygen  t.he  formula  Oj. 
^B  For  a  nubetance  like  phosphoru;^,  which  is  not  s  gas  and  is  not  often 
^M  used  as  a  vapor,  the  formula  P  is  commonly  employed  by  cheausts, 
^P  to  avoid  tJ«!  largw  coefficients  which  Pj  introduces  into  oquatioas, 
although  theoretically  the  latter  formula  would  be  the  strictly  cor- 
rect one. 

The  case  of  oxygen  demonstrates  clearly  the  necessity  of  using 
molcculiir  formulie,  even  for  simpk'  sulwlanccs.     The  tabic  shows 
two  substHuccA  containing  nothing  but  o.xygcn.    Ozone  {q.v.)  has 
a  molecular  weight  48,  lieing  a  gas  exactly  one-half  heav'icr  than 
ordinary  oxygen.    Its  formula,  therefore,  is  Oj,  while  thikt  of  oxy- 
gen ts  Oi.    Oxygen  and  ozone  are  entirely  difTereul  ehcmicHl  iudi- 
^B  viduaLj.    The  tatter  tuu),  for  example,  a  strong  odor  and  is  much 
^K  more  active.    Thus  polished  silver  remains  bright  indcfmitely  in 
^Hpure  oxygen,  but  oxidises  quickly  when  placed  in  ozone. 
^B     To  avni<1  a  common  error,  the  reader  should  note  that  to  leArti  the 
^Hetomtc  weight  of  an  clement,  wo  do  not  measure  the  molecular 
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weight  of  the  simpk  nubstADCC.  The  molecular  weight  of  the  ele- 
mentary suljKtuDc-i'  iiiity  be  a  multiple  of  the  atomic  weight,  nud  we 
find  out  whether  it  is  such  a  multiple  only  after  the  utomie  weight 
has  been  determined.  The  atomic  weight  is  the  uuit  weight  uaed 
in  eompovnda,  and  can  be  fiscertainetl  only  by  n  study  of  com- 
pounds. Hie  molecuLu-  weight  of  the  free  element  gives  u»  only 
a  value  whieh  we  know  mu»t  be  a  multiple  of  the  atomic  wdght,  by 
1  or  8omc  other  integer.  Mol.  Wt.  =  At.  Wt.  X  x,  where  x is  1  or 
some  other  int«g«r. 

Ftirtbtir  Ducusston  of  ttui  Wo/pcm/oj-  Formutof  of  Bfe- 
mentary  Substances.  —  Some  further  explanation  may  be  re- 
quired, to  the  end  that  the  rea<1e-r  may  be  reconciled  to  accepting 
the  formulae  Clj,  O2,  and  90  forth.  In  the  firtt  place,  he  should 
note  how  these  formuhe  arose.  If  we  accept  Avogadro's  law,  and 
the  inference  from  it  to  the  effect  that  the  weights  of  equal  vol- 
umes of  gases  are  in  the  same  ratio  as  the  weights  of  thejr  indi- 
vidual molecules,  then  we  cannot  escape  the  conclusion  to  which 
measuring  the  relative  densities  of  free  chlorine  and  hydrogen 
chloride,  for  example,  leads.  The  ratio  of  their  densities  is  70.92  : 
36.46.  That  ia  to  say,  the  relative  weights  of  a  molecule  of  chlo- 
rine and  a  molecule  of  hydrogcw  chloride  stand  in  this  ratio.  The 
molecule  of  chlorine  is  nearly  twice  as  heavy  as  the  molecule  of  the 
compound,  and  there  cannot  there/ore  be  a  whole  moUfctile  of  chlorine 
in  a  moUcuie  of  hydrogen  chloride.  In  fact,  wc  perceive  at  once 
that  the  molecule  of  hydrogen  chloride  must  contain  only  half  a 
molecule  of  chlorine  (35.46),  together  with  half  a  molecule  of 
hj'dn^'u  (1).  In  other  words,  if  the  molecide  of  free  chlorine 
■were  to  bo  taken  «*  the  atom  of  the  element,  then  the  inolwulc  of 
hydrogen  cliloride  wouhl  contuui  only  half  an  atom  of  chlorine, 
which  would  be  contrary  to  our  definition  to  take  aa  atomx  quan- 
tities which  are  not  divided.  So  we  choose  the  other  honi  of  the 
dilemma,  and  say  that  the  specimen  of  chlorine  in  the  molecule  of 
hydrogen  chloride  is  a  whole  atom  and  that  therefore  the  amount 
of  chlorine  in  the  molecule  of  free  chlorine  is  two  atoms,  and  ita 
formula  CIj,  Similarly,  the  weight  of  hydrogen  in  the  molecule  of 
hydrogen  chloride  ia  l.()08,  while  that  of  the  molecule  of  hydrogi-ii 
is  2.016,  so  that  there  are  two  atoms  in  the  molecule  of  free  hydro- 
gen and  its  formula  is  H|.    Kcasooing  in  like  manner  from  the 
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molecuUr  weigbts  of  oxygen  (32)  mid  w»t«r  (18)  wc  rcuch  the 
conclusion  that  the  molecule  of  oxygen  is  di&tooalo  (d). 

The  dimple  fsct  that  hydrogen  and  oxygi>n,  when  mixed,  do  not 
combine  (p.  59)  may  aasist  in  reconciling  iih  to  the  diatomic  natim| 
of  their  molecules.  Some  part  of  tlie  mixture  has  to  be  heated' 
strongly  to  start  the  interaction.  Now  the  molecular  fomiultc,  Ht 
and  Oi,  suggest  that  each  gas  is  really  in  combination  alremly  (with 
itself),  and  they  therefore  explain  to  some  extent  the  imiifference  of 
the  gases  towards  one  another,  [f  the  molecules  were  free  atoms, 
they  could  not  encounter  one  another  continually  as  they  move 
about,  and  yet  escape  combination  aa  we  observe  that  they  do. 
We  may  imagine  that  the  primary  effect  of  heating  is  to  decom- 
pose some  of  the  molecules,  and  Uberate  hydrogen  and  oxygon  in 
the  atomic  condition,  and  that  the  combination  of  these  atoms 
starts  the  explosion  of  the  whole  mass. 

In  the  case  of  hydrogen,  the  diatomic  nature  of  the  molecules 
has  been  demonstrated  by  an  entirely  different  method  by  Lang- 
muir.  It  has  long  been  known  that  the  conductivity  of  hydrogen 
for  heat  is  greater  thau  that  of  any  other  elementary  gM.  Thus, 
a  wire  raised  to  a  white  heat  in  ntr  by  means  of  an  vloctric  current, 
cannot  be  kept  at  a  red  beat,  even,  by  the  simic  current  in  hydro- 
gen. In  othf-r  gfuses,  heat  from  the  hot  wire  is  used  up  in  accel- 
erating the  motion  of  the  niolocuk^  of  the  gas.  Loogmuir  has 
Hbowu,  however,  that  in  hydrogen,  additional  heat  is  coDSumed  in 
causing  dccomiMsition  of  ninny  of  the  diatomic  molecules  into 
siagilc  atoms; 

H,  T±  2H. 

He  ban  mcAsure<l  the  pcrc4;ntagc  of  moleculet*  dissociated  (at  760 
mm.),  and  found  that  it  varies  from  0.33  per  cent  at  2000°  to  13  per 
cent  at  3000°  and  34  pc^r  cent  at  3.500".  When  the  f«mperatun! 
folia,  the  atoms  ro-oomi^ine  to  diatomic  molecules.  It  may  also 
aanst  in  making  the  ni.itter  clear  if  we  note  that  the  atomic  wet|^t 
of  an  element  ts  the  unit  quantity  of  that  particular  variety  of 
matter,  wAen  it  is  in  comldnatwn.  The  unit  quantity  of  the  same 
variety  of  matter,  when  in  the  free  state,  as  a  substance,  need  not 
be  the  same.  We  should  not  expect  it  to  be  smaller,  but  it  might 
easily  be  twice  or  more  times  as  large. 
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AppUcationa:  Interactions  Between  Cases.  — ■  According  to 
Avogadro'fl  hypothesis,  if  we  filled  a  siieeeaaion  of  veasela  of  equal 
dimensionci  with  different  Rases,  and  could  arrest  the  motion  of 
the  particles  and  observe  their  disposition,  Wv  should  find  that  the 
nvcrage  distance  from  particle  to  particle  would  he  the  siimc  iii 
oil  coses.  This  would  be  true  whether  our  vessels  were  filled  with 
single  gases,  with  homogeneous  mixtures,  or  with  gascw  in  layers. 
8ueii  being  ibc  case,  if  any  chemical  change  is  brought  about  in  the 
mass  which  results  in  a  multiplication  of  the  molecules,  it  is  evi- 
dent that  the  volume  will  have  to  increjisc  in  order  that  the  spacing 
may  remain  the  same  iis  Ix-foro.  If  any  chemical  action  results  in 
a  diminution  of  the  numl>er  of  molecules,  then  n  shrinkage  muiSt 
take  place  in  order  tlmt  the  spacing  may  1)c  preserved  as  before. 
Thus,  in  a  mixture  of  hy()rogiMi  and  oxygen,  acconling  to  our 
hypothesis,  when  the  interaction  occurs,  the  following  chnngc 
takes  place  between  neighboring  molecules: 

HH  +  00  +  HH  becomes  HOH  +  HOH. 

Since  the  oxygen  inol«cul<«,  which  form  a  third  of  the  whole,  dis- 
appear into  the  molecules  of  hydrogen,  the  tt^ndeut'y  to  preserve 
spacing  results  in  &  dtminiition  uf  the  volume  by  one-third  (p.  9S}. 
Thus  Gay-Lussac's  law  would  have  followed  as  a  natural  infej^- 
ence  from  Avogadro's  law,  if  the  former,  being  more  obvious,  lijwl 
not  been  di.scovered  first. 

If  each  of  the  following  squares  represe-nt.s  a  small  volume  con- 
taining 1000  moleciilea  of  gas,  then  2000  niolccules  of  hydrogen 
and  1000  molecules  of  oxygen  give  2000  molecules  of  water  vapor. 
We  may  note,  in  passing,  that,  since  each  molerule  of  water  iimst 
contain  at  le.ist  one  atom  of  oxygen,  at  least  2000  atoms  of  oxygen 
were  required,  and  must  have  been  furnished  by  the  1000  mole- 
cules of  oxygen.  Each  of  these  moleci^es  must  therefore  have 
split  into  two  atoms. 


Hyd. 

1000 
mols. 

+ 
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This  method  of  looking  upon  chemical  interactions  l>etween 
gaatN;  gives  uh  the  nearest  sight  which  wc  can  have  of  the  bcliavior 
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of  tbo  moleculcH  thciiiselvca.  Wc  c&nnot  perceive  tht'  individual 
molvculu;,  but,  in  consequence  of  the  spatial  arrangeuK'nt  which 
ihey  obBcrve,  the  change  in  tho  whole  volume  of  a  \a.rpt.  aggre- 
gate of  iitotecules  endbleti  us  to  druw  conclusions  id  unco  in  regard 
to  tbo  bebaWor  of  tt;  single  molecules  in  detail. 

Applications!  Molecular  Etiuationa.  —  To  utilise  the  fore- 
going considenktiuns.  chemists  Always  employ  In  th*ir  •qufttlons  tb* 
molteultr  fonnulw  for  the  giises  and  the  e:u-ily  viipuriiHxl  subslauco.S 
conecrned.    Thus  fur,  wc  huve  uitc-d  the  equation: 


WxiniiTa: 


2H       + 
2X1.008 


O 

10 


H,0 

18.01S 


and  the  information  it  eontaSned  was  exhausted  when  we  had  pkced 
below  the  symbols  the  weiglits  for  which  they  stood.  But  the 
mrilecoliir  equation  is  much  more  instruetive.  The  following 
shows  tlu  liit«rpr«tmtiotu  to  vblcb  tb*  molacular  eqiutloD  la  aubj«ct: 

2Hj  +       O,    -•  2H,0 

Wnuti-ni:         2  X  3.016  g.             32  g-  3  X  1S.010(-  36.032)  g. 

VoLtfuw:          2X22.4  1.              22.4  1.  2x22.4  1. 

MoLXccLEs:            2                         1  2 

The  weiglits,  although  doubled,  show  the  same  proportions,  so 
that  quwjlioiw  of  weiglit  are  (mpwert-d  tis  easily  ax  before.  These 
weights,  however,  being  nioleeuliir  weights,  or  multiples  thereof, 
can  be  translated  at  once  into  volumes,  and  quvrtioaa  Kbout  Toluma 
MO  atoo  b«  uttwared.  Finally,  tba  rsUtlTo  oumban  of  Moh  Idsd  of 
moUculai  oan  be  re«d  from  this  equa,UoQ,  fur  the  eoedieients  in 
front  of  the  formuiie  rejirestenl  these  numbers.  Where  no  coef- 
ficient is  written,  1  is  to  l>e  understood.* 

Af^licationn:    The  Making  of  Molecnlttr  Equations.— 

To  make  «  moliti^ular  e<iuation,  we  fu-sl  make  an  equaiimi  accord- 
ing t<j  the  rulet«  already  explained  (p.  51).  An  e(|iiatiun  like  that 
BJveii  for  the  interaction  of  potasBium  on  water  (p.  50):  K  +  HiO 
— •  KOH  -J-  H,  is  the  result.     Then  we  mljufit  the  equation  so 

*  The  application  of  these  propertiM  or  molecular  oqUAtioos  h  ilttuttraUd 
iij  Clutp.  XI  (pp.  I49-1S3).  If  deainiil,  thtw  Applicatiunii  oiuy  be  takwi  up 
after  the  next  aectioo. 
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that  mol<!Cular  formulic  urc  us(?d  throughout.  The  hydrogcD  mu»t 
appear  as  Hj,  or  a  multiple  of  this,  in  such  equations.  Hcnw 
the  whole  equation  must  b*?  tuultipUed  by  2: 

2K  +  2H,0-»2KOH+  H,. 

Again,  the  equation  for  the  jireparation  of  oxygen  from  potassium 
chlorate:   KCIO*-*  KCl  +  30  (p.  27),  becomes:  d 

2KC10fl  —  2KC1  +  30,. 

Every  equation  containing  an  odd  number  of  atoms  of  a  substancaj 
whoae  molecules  arc  diatomic  must  be  multiplied  by  2.  Again,] 
mercuric  oxi<ic  decomposes  to  give  mercury  vapor  and  oxygeaj 
(p.  14),  antl  the  molecules  of  uierrury  are  monatomic  and  those  of  1 
oxygen  diatomic,  ao  we  write: 

2HgO-2Hg  +  0.. 

Finally,  the  formula.'  of  substances  which  are  solid  or  liquid,  and ! 
cannot  be  eaaily  vaporized,  are  wTitten  in  the  simplest  terms. 
Thus,  nncc  substances  like  the  copper  in  the  followiiig  equation 
ore  invulatilc,  the  molecular  weights  of  such  substances  are  un- 
known, and  their  molecular  formula'  likewise:  2Cu  +  Oj  — ♦  2CuO, 
Furtherniore,  in  the  case  of  substances  which  can  be  volatilized, 
ttitliough  the  moleculiu"  weights  and  molecular  formula  may  there- 
fore be  known,  we  do  not  usuiilly  employ  the  molecular  formulae  if 
the  substance  is  nut  used  in  the  form  of  vapor  in  the  hdxiratory. 
ThuB,  the  molecular  formula  of  phosphorus  pentoxide  is  PjOuj 
(p.  105),  But  we  generally  nmke,  and  use,  only  the  solid  form, 
and  not  the  vajwr,  in  actual  work.  Hence  the  action  «ith  water 
is  u>iually  written  as  we  have  given  it  (p.  &4),  rather  than  in  the 
form;  I',Om-f  HHjO  — .4H^P0*. 

Molsoulix  oqUAtions  will  bo  uied  Aseltulvely  here&ftor. 

Appticationa:  To  Casen  of  Dissociation.  —  SevcTal  gases 
or  vapors  yield  smaller  values  for  their  densities,  and  therefore 
molecular  weights,  when  the  densities  are  measured  at  higher  tem- 
peratures. Tliis  indicates  that  the  molecules  have  become  lighter, 
and  can  only  mean  that  decomposition  has  taken  place  in  consts 
quenee  of  the  heating.  Behavior  of  this  kind  is  shown  both  by 
compounds  and  by  simple  substances.  - 
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exiunpli':,  plioKphorus  pentacbloride  PCU,  allbou^  a  solid, 
cao  be  converted  Intd  vapor  without  much  difficulty.     Its  molec- 
ular n-cight,  if  it  undiTwcnt  no  cbtaiucal  change  during  the  vola-^ 
tlli«atlon,  would  be  31  +  177.3  =  208.3.    The  denmty  actuallyj 
obecrved  at  300°  and  "60  mm.  pressure  ^v«!  by  calculation  not 
much  more  than  h»If  thU  value.     The  ilirect  Inferenec  from  this 
IS  that  the  molecules  luivc  only  half  the  (averagti)  weight  that  wc 
cxpcctwl;  or,  in  other  words,  arc  twice  as  numerous  as  we  expected. 
Tlie  ex|iIunatiou  is  found  when  we  exuininc  the  nature  of  the  vapor 
ijiopc  rioeeiy.     We  find  that  it  i;*  a  mixture  of  phosphorus  trichlo- 
ride and  free  cldorine,  resulting  from  a  cheiiiical  change  according 
t«  the  equation:  PCI*  i=±  PCI,  +  CI,.    The  low  value  of  the  den-  ! 
aity  thus  tells  u«  that  diiwociatioTi  has  tnkca  place.    From  the 
value  of  the  den.'uty  at  various  temiwratures,  we  may  even  c^cu* 
late  the  proportion  of  the  whole  material  which  is  diitsodated.    At 
300°  it  i»  97  per  cent;  at  2.')0°,  80  per  cent;  and  at  200°,  4S.5  per 
cent.     Thus,  when  the  temperature  is  lowered,  proRreBsive  re- 
combination takes  ])liice  and  the  proportion  dissociated  becomes  . 
leas.     Finally  the  vaimr  condenses  and  yields  the  original  solid. 

Again,  sulphur  l)oiIs  at  44.^°,  but  can  be  vaporised  at  a  tempera- 
ture  as  low  as  193°,  under  very  low  pressure.  At  this  temperature 
the  density  of  the  vapor  gives  (he  molecular  weight  250  (=  8  X 
32),  and  the  molecular  formula  &».  That  is  to  say,  the  GJkl.V. 
hohls  256  g.  of  the  va[»r  at  193°.  At  800°,  however,  the  density  . 
is  only  one-fourth  as  great,  and  tlie  G.M.V.  hokis  only  G4  g.  (Sj).  ' 
This  means  that  256  g.  now  occupy  four  times  ax  Urge  a  volume 
as  before,  and  the  increase  is  additional  to  the  effect  of  the  mere  ther- 
mal expansion,  which  is  allowcnl  for  in  the  culcuhition  and  elimi- 
nated.  Hence  the  molecules  liave  dissoiriuted.  At  1700°  the 
motecular  formula  is  still  Si,  so  that  this  represents  the  limit  of 
disHociaticH):  S|^4S|.  VThen  the  vu|Kir  is  cooled,  the  density 
increases  once  more  and  at  103°  recovers  complet^^'ly  the  greater 
value.  Similar  obser\'atioiis  show  tliat  phosphorus  vapor  at  313° 
is  all  p4,  but  at  1700°  one-half  of  the  molecules  are  P|.  Iodine 
vapor,  up  to  700°,  is  all  h.  Beyond  this  temiH-rature  the  denaty 
diminishes,  and  when  1700°  is  reaehed  the  vapor  is  all  I.  Thu8 
tbe  moleeulc^  arc  diatomic  at  tow  ttrmpcrraturcs  and  monatomic  at 
high  CMtcs.  Tiw  densities  of  oxygen,  hydrogen,  uud  chlorine  are 
not  measurably  affecteil  by  heating  to  1700°,  m  that  their  dia- 


U8 


COLLRGE   CHEUISTRT 


tomic  molecules  exist  from  UOTperaturtis  far  below  0°  up  to 
.1700°,  and  are  evidently  ver>'  otable.  For  obetervstions  on  bydro- 
fgen  above  1700%  however,  «:<!  p.  113. 

Appliratimia:  Finding  ihv  Atamir  Weight  of  a  Kmc  Elem 
tneni.  —  Uy  way  of  roxiewinR  the  prinnplfvi  (■xi>Iftine(l  in  this 
chapter,  let  us  apply  them  to  the  iinaKiniir>'  case  of  n  newly  di^ 
r  covered  clement.  The  hronnde  of  the  element  is  found  to  be 
itBSy  of  preparation  and  to  be  volatile.  The  bromide  contains 
30  per  cent  of  the  element  (and  therefore  70  per  eent  of  bromJoe), 
and  it»  vapor  density  referred  to  air  is  11.8.  The  analysis  can 
always  be  made  much  more  accurately  than  the  meaaurement  of 
vapor  density,  sq  that  tJie  former  nmnl>er  is  more  trustworthy 
than  the  latter. 

To  find  the  equivalent  of  the  dement,  that  is,  the  amount  com- 
bined with  79.92  parte  (the  atomic  weight)  of  bromine,  we  have  the 
proportion  70  :  30  ::  79.92  :  x,  from  which  x  =  34.^.  The  atomic 
weight  muxt  be  tht#,  or  toaxa  lunall  multiple  of  it. 

The  G.M.V.  of  air  weighs  28.955  g.  (p.  101).  Hence  the  same 
volume  of  the  vapor  of  this  bromide,  which  is  ILStiinesiutheiivyas 
air,  will  weigh  28.955  X  11.8,  or  341.67  g.  This  is  therofort!  the 
molar  weight  of  the  coniiKJurul. 

Now  30  per  cent  of  this  ia  the  new  element: 

341.67x30-5-  100=  102.5. 

Now  34,3  parts  of  the  clement  combined  with  79-92  parta'of  bro- 
mine. Evidently  the  atomic  weight  of  the  element  is  3  X  S-l-S  = 
102.9,  the  differeTioe  being  due  to  error  in  <lel(-rmining  the  density. 
8o  long  an  uo  other  volatile  compound  is  known,  we  adopt  this  as 
the  atomic  weight.  The  rciit  of  the  mdar  wraght  (239  parts  = 
3  X  79.92)  is  bromine.  Thus  the  formula  of  the  compound  is 
ElBrs,  and  from  this  we  see  that  the  element  is  trlvalant. 

In  ease  no  volatile  com)N)und  of  the  element  cm  Vie  furmed,  the 
weight  combining  with  79.92  parts  of  bromine  is  measured  as  liefore. 
Then  some  of  the  free  simple  substance  ia  made,  say  by  electrol- 
ysia,  and  its  specific  heat  is  determined.  The  sp.  ht.  is  about 
).063.  Appheation  of  Dulong  and  Petit's  law  then  gives  the 
^Atomic  weight.  The  pro<luct  34.3  X  0.063  is  equal  to  2.161, 
Hence,  the  equivalent  must  be  multiplied  by  3  to  give  the  atomic 
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wdgbt,  for  this  raises 


^efi 


ihc  liitiiu. 
OfX). 


;   product  to  6.48,   which   is   withia 
Thus  the  value  of  tbe  atomic  weight  is  102.9,  as 


Repties  to  Qn^tions  about  DifficuUteg, -^  The  Iie^ner 
xlwuys  becomes  coiifiisetl  over  one  or  more  of  tlie  points  raiaed  by 
thi*  following  questions: 

1.  Why  was  32  g.  of  oxj'gen  tftken  as  thp  stanilani  fnr  molociilar 
wL-ights,  rather  Ihsn  16  g.?     R«ad  p.  107  and  footnote  to  p.  104. 

2.  If  Oj  is  the  smallest  mass  of  oxj'gcn,  why  do  we  have  formulx 
like  HjO  and  IICIO?  Oj  is  the  smallest  mass  of  free  oxygen,  but 
in  combination  half  as  much  occurs  in  many  molecules.  Read 
pp.  105,  110,  and  HI. 

3.  Vr'hy  is  not  the  atomic  weight  of  an  dement  ascertabed  by 
•imply  meiuurtng  the  density  of  the  elementary  sul>stnnce7  Read 
pp.  Ill,  lust  piir.,  and  117,  second  par. 

4.  Can  we  not  deduce  the  valence  of  an  clement  from  knowing 
the  number  uf  ntuni«  in  its  molecules,  and  vice  versaf  Some  moleo- 
ular  formulat  and  valcnws  are:  Ht',  Oj",  Clj',  Zn",  also  Hg  (uni- 


valent and  Itivak-nt),   1*, 


(trivalbiit  and  (luinquivalent),  and  S* 
Tliere  is  no  relatiou,  either  observable 


(bivalent  and  sexivalent). 
or  to  be  expecte<l. 

5.  Do  the  molecular  weights,  oxygen  =  32  and  hj-drogen  =  2, 
mcain  that  tlie  molecules  of  oxyp-ii  are  Uirga-  than  are  those  of 
lii'drogcn?  Thi;*  is  the  ratio  of  their  weights,  but  none  of  the 
iJtcnomena  discussed  in  this  chapter  are  influeDced  appreciaWy 
by  their  relative  sij!C3,  and  therefore  none  of  them  give  any  in- 
formation on  the  subject,     liead  the  footnote  to  p.  102. 

Exerflnen.  —  1.  The  weight  of  1  I.  of  a  gas  at  (f  and  760  mm.  ia 
15.236  g.  Wliat  is  the  density  referred  (a)  to  air  (air  =  1)  and  (b) 
to  hydrogen,  anil  (r)  what  is  the  molecular  weight  (pp.  101,  102)? 

2.  The  density  of  a  gas,  referral  to  air,  ia  G.7.  What  Is  the 
wd^t  of  1  1.  (p.  lot),  and  what  is  the  molecular  weifi^t  (p.  118)? 

3.  The  niolecuW  wciRht  of  a  auhstance  ia  65.     What  is  the 
ity  referred  to  air,  and  what  ia  the  weight  of  1  I.? 

4.  The  chloride  of  a  new  element  contains  38.11  per  cent  of 
Ihlorine  and  6I.S!)  per  cent  of  tbe  element.     The  vapor  density  of 

tbe  compound  referred  to  air  is  12^5.     What  is  the  atomic  weight 


o. 
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of  the  element,  so  far  as  investigatioD  of  this  one  subatance  can 
give  it  (p.  118)7     What  is  its  valence? 

5.  If  the  molecular  weight  of  oxygen  were  taken  as  100,  what 
would  be  the  volume  of  the  G.M.V.  (p.  101)?  What,  on  the  same 
scale,  would  be  the  molecular  weight  of  water,  and  what  would  be 
the  atomic  weights  of  hydrogen  and  chlorine  (pp.  101,  105)? 

6.  In  future  nothing  but  molecular  fonnuhe  of  free  elements 
must  be  used  (p.  111).  Write  in  molecular  form  ten  of  the  equa- 
tions mvolving  gases  which  are  found  in  the  preceding  chapters. 

7.  If  a  new  form  of  oxygen  were  found,  such  that  one  volume 
of  it  required  four  volumes  of  hydrogen  to  produce  water,  what 
would  be  its  molecular  formula  (p.  114)?  What  would  be  the 
weight  of  22.4  i.? 
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SoLCTtONn  nre  8o  conntantly  iis«d  in  chemistry  that  somo 
nowledne  of  their  properties  is  desirable  in  order  that  vrc  may 
employ  them  intelligently.  In  what  follows,  we  give  &  prclinuiuu'y 
Recount  of  some  of  the  simpler  facta  about  solution. 

General    Properties    of  Solutions.  —  A  solid   may    be  di^  i 
through  a  liquid,  cither  by  being  simply  suspended  (p.  12) 

the  latter  (mixture),  or  by  being  dissolved  in  it  (solutioi)). 
Similarly  a  liquid  may  be  tnispcndcd  in  droplets  in  another  liquid 
(•mulshm),  as  in  milk,  or  it  may  be  diiBoIvcd.  It  is  usually  easy  to 
distinguish  between  the  Iwo  ciU4<.-»,  for  a  su»[K'nded  substance  »eUU^ 
or  separates  sooner  or  later  (like  the  fats  in  milk  —  as  cream), 
while  a  dissolved  »u)»itiinee  shuni*  no  tuch  tendency.  The  cases  are 
exceptional  where  the  sutxlivUioa  of  a  suspended  substance  is  so 
minute  (colloidal  suipvnsioB.  q.v.},  km  to  make  \tt  retention  by  filter 
paper  impossible.  If  u  liquid  is  opalescent  or  opaque,  then  wc  have 
a  case  of  suspension.  .\  solnUon  is  a  clear,  transparent,  perfectly 
homogencouji  liquid,  in  which  the  dissolved  sulwtancc  seems  to 
have  been  dispersed  so  completely  that  the  liquid  cannot  be'dis- 
ttngiiinhftd  by  the  e>'e  from  a  pure  substance. 
There  is  no  limit  to  the  amount  of  dissipation  which  may  thu« 

pro<Iuced.  A  single  fragment  of  potassium  |iermangAnat«,  for 
pxiiniple,  which  gives  a  verj'  deep  purple  solution  in  water,  may  be 
dissolved  in  a  liter  or  even  in  twenty  Uters  of  water,  and  the  purple 
tinge  which  it  gives  to  the  liquid  will  still  be  perfectly  perceptible 
in  every  part  of  the  larger  volume.  The  qu&lit*tiTe  characteristies, 
therefore,  of  solution  are  abiancs  of  >«tUing,  homoevnoity,  uid  ox- 
tremely  mlnut*  lubdivlslon  of  th«  diatolvwl  ■ubktkoos. 


The  Scope  of  ihe  Word.  ~~  The  word  solution  is  used  for  other 
fstems  than  tboac  containing  a  solid  body  dimtolvcd  in  a  liquid. 
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Hiua,  liqutdfi  also  may  be  dtaacJred  in  liquids,  as  aleobal  io  water. 
Again,  if  we  warm  ordinary  water,  bubbles  of  gaa  appear  on  the 
aides  of  the  veesd  before  the  waier  has  appnwefaed  the  batline- 
point.  They  are  found  to  be  gas  derived  from  the  air.  A^tstioa 
of  any  gas  mth  water  results  in  the  solution  of  a  large  or  anaO 
quantity  of  the  gas,  and  heat  will  usually  drive  the  ^s  out  again. 
It  npppura  thc^n^fore  that  BoUdi.  liquidi,  aad  f»SM  can  equally  fOl^ 
solutions  in  liquids. 

The  absorption  of  hydrogen  by  palladiiun  (at  all  events  after  a 
certain  point),  and  by  iron,  takes  place  in  accordAnc?  ^Hth  Ibc 
■ante  laws  as  the  lu^utiuo  of  solids  in  liquids,  and  the  rcsulU  may  be 
dcKcribod  tbcreforc  as  true  solutions.  Liquids  are  in  some  caaes 
absorbvd  by  iwUdi',  and  homogeneous  nurtures  of  solids  with  sdkb 
are  perfectly  familiar.  The  saf^hire  is  a  solution  of  a  small 
amount  of  a  stroo^y  colored  sub«tan«.-,  in  a  large  amount  of  color* 
lew  aluminium  oxide.  It  may  therefore  be  stated  that  soluticm  of 
Kssas,  liquids,  »nd  solids  In  solids  appears  to  be  possible.  ' 

UmtU  etf  Solubility.  —  The  next  question  which  naturally 
occun  to  U8  is  as  to  whether  tiw  mingling  of  two  substances  in  this 
manner  has  any  limits.  We  find  that  the  reaultd  of  experiment  in 
thit<  dtnN^tion  may  be  divided  into  two  daaaea.  Some  pairs,  o( 
liquiiU  particularly,  may  be  mixed  in  any  proportions  whate\-er.  i 
Alcohc^  ftn<l  water,  and  glycerine  and  water  are  such  paint.  On 
the  other  hand,  at  the  (»dinAry  laboratory  temperature,  we  can 
ecafcely  take  a  fragment  of  marble  (CaCXJj)  oo  conall  tluit  it  will 
dissolve  completely  in  100  c.c.  of  pure  water,  for  only  0.00013  g. 
dissolves.  Under  the  same  conditions  any  amount  of  potassium 
chlorate  up  to  about  5  ft.  will  completely  disappear  after  vigorous 
etirnng,  while  90  g.  of  ordinary  Epaom  salts  (hydrated  magnesium 
sulphate),  but  not  more,  may  be  dissolved  in  about  the  same 
amount  of  water.  In  fact,  moot  solidR  may  be  dissolved  in  a  liquid 
only  up  to  a  certain  limit,  which  with  different  solids  may  range 
from  a  scarncly  perceptible  to  a  vcr^'  large  amount.  No  substance 
is  absolutely  imwluble.  But  for  the  sake  of  brevity  we  call  marble, 
for  example,  "  innoluhle"  because  in  most  connections  it  may  be  so 
considered. 

Chemiflta  have  not  yet  succeeded  in  explaining  t  he«e  difFerejiccfl 
in  solubility,  which  are  often  ao  surprising.    Thus,  guncotton  is 
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voluble  in  s  mixture  of  alcohol  and  ether,  but  not  in  Uwee  liquids 
aeparately,  white  oellulosn  aoetAte  (an  allied  substance,  uned  in 
making;  artiflcial  horse-liair)  19  soluble  in  these  liquids  separately, 
but  not  ip  the  mixture. 

Recognition  and  ^fettnun^mttnt  t}f  Sotubility.  —  The  only 
method  of  rKogaixin«r  with  certainty  whetbo-  s  solid  b  soluble  in  a 
liquid  or  not  is  to  filter  the  mixture  and  evaporate  a  few  drops  of  j 
the  filtrate  on  a  clean  watch-glass.  For  learning  bow  mucb  of  thaf 
body  is  contained  in  a  given  solution,  a  weighed  quantity  of  the 
solution  is  evaporated  to  dryness  and  the  wei^t  of  tJie  residue 
determined. 

It  must  be  stated  explicitly  that  in  going  into  goluiion,  as  we 
have  used  the  term,  a  compound  dissolves  as  a  whole  and,  if  the 
compound  is  pure  (p.  4),  any  residue  has  the  same  chemical  com- 
position as  the  part  which  has  dissolved.  If  the  residue  is  a 
different  substance,  a  chemical  interaction  with  the  solvent  haa 
occurred.  If,  on  evaporation,  a  different  substance  remains,  tJiere 
has  also  been  chemical  action.  ■ 

Terminology.  —  la  order  to  descrilw  the  relations  of  the  com- 
ponents of  a  solution,  certain  conceptions  and  oorn»pooding 
technical  expressions  arc  required. 

It  is  customary  to  speak  of  the  eub^tanec  which,  like  water  in 
most  coses,  fonns  the  bulk  of  the  solution,  tm  the  tolvvnt.  To 
express  the  subatancc  which  is  dissolved,  the  word  solut*  i»  fro* 
qucntly  used,  and  will  be  e-mptoyed  when  wv  wish  to  avoid  circum- 
locution. 

The  amount  of  the  subslanee  which  has  been  dissolved  by  a 
given  quantity  of  the  solvent  is  dmcribed  as  the  coocantration  of 
the  solution.  A  solution  containing  a  small  proportion  of  the 
dissolved  body  is  called  dllut«;  it  has  n  sinitll  ciiricentratiou. 
One  which  oontains  a  largi-r  amount  i»  mor«  ooncmtratvd.  Vcrj' 
"strong"  solutions  arc  frequently  spoken  of  simply  as  eonemtraud 
■olutloDS.  The  pariial  removal  of  the  »oIvc;it  (w  )iy  evaporation) 
is  called  eoiw«ner»tlDg,  its  total  removal  «v»pocaUa8  to  drrnvu. 

Finally,  since  there  is  u  limit  to  the  solubility  of  most  sub«tanc<M 
a  solution  is  described  ns  utunMd  when  the  solute  has  idvcn  as" 
mucb  material  to  the  solvent  us  it  can.    Thia  state  ia  reached  after 
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prolonged  ablation  with  an  cxcvuh  of  the  gas,  of  the  liquid,  or  of 
the  finely  powdered  Bolid,  a«  thcr  case  may  Ix^  (see  pp.  127,  133). 
Oilier  things  Ix^ing  ciiual,  tlio  liirgi-r  the  excess,  the  sooner  satura- 
tion is  attained.  Tlie  niiucuiium  eoncentration  attjunuble  iu  tliis 
way  is  called  the  solubUit^  of  the  substance  in  a  given  solvent. 
Note  that  a  Kituntted  sulul ion  uix-d  not  ulsu  [>e  n  conceutratet]  one. 
It  will  be  very  dilute,  if  the  solute  is  but  slightly  soluble. 

Vnita  Ua^  in  Expressing  Concentrations.  —  The  concen- 
trations of  solutionif,  saturated  mid  otherwL'^e,  are  sometimes 
expressed  in  physical,  imd  sometimes  In  eheniind,  units  of  weight. 
When  pb7«iobl  units  are  eraployt'd,  we  give  the  iiuml^er  of  granw 
of  the  solute  hild  in  solution  bj'  one  hundred  grams  of  the  .lolveiit. 

The  aolubilitiM  at  18°  of  oat  hundred  and  forty-two  bues  ftnd 
saJts  are  given  in  a  tAble  printeil  inside  the  cover,  kt  the  front  of 
this  book. 

When  ohemicBl  unit*  of  weight  are  employed,  two  different,  plans 
are  poiwihle,  and  Imth  are  in  use.  Either  the  equivalent  (p.  G-'i)  or 
the  nioli-f^ular  wei(!;ht.t  may  l>e  taken  as  a  hasia  of  measurement. 
In  the  former  eaae,  the  solutions  are  called  normal  solutions,  and  in 
the  lat.ter,  molaj-  solutions. 

A  normikl  solution  contains  one  Ersm-«quiT*lent  of  Che  solute  in  one 
liter  ol  solution  (not  in  1  I.  of  solvent).  The  word  "equivalent" 
hait  been  used  hitherto  only  of  elements,  and  this  appli(;ation  of  the 
cxpres-'uon  involves  an  extension  of  its  meaning.  An  eQUlT&lent 
weight  of  &  compound  Is  th&t  amount  of  It  which  will  Interact  with 
one  equiraient  of  an  elemtnt.  Thus,  a  formula-wciglit  of  hj'dro- 
chloric  acid  HC'l  (36.5  g.)  is  also  an  equivalent  weight,  for  it  con- 
tains I  g.  of  hydrogen,  and  this  amount  of  hydrogen  is  displaeeable 
by  one  equivalent  weight  of  a  metal.  A  foniiula-weight  of 
sulphuric  acid  HjSO*  (flS  g.),  however,  contains  two  equivslentn 
of  the  compound,  and  a  formula-weight  of  itluminium  chloride 
AlClj  (!33.5  g.)  three  e(|uivak-uts.  Hence  iioriual  solutions  of 
these  three  substanec*  contain  respeetively  36.5  g.  IICI,  49  r. 
HjSOi,  and  44.5  g.  AlC'h  per  liter  of  solution.  The  special 
properly  of  normal  solutions  is,  obviously,  that  equal  volumes  of 
two  of  them  contain  the  ex»<rt  projjortions  of  the  solutes  which  are 
required  for  complete  interaction.  Solutions  of  this  kind  are  much 
used  in  quantitative  analysis.    We  frequently  use  also  decinonnal 
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or  one-tenth  normal  solutions  (0.1  N  or  N/IO),  and  HeminormiU 
(0.5  N  or  jV/2),  and  six  times  normal  solutions  (6  N),  and  so 
forth. 

A  moUr  aolutlon  cont4liu  one  moU  isrun-molocuUr  w«lgbC)  of  the 
tolatt  in  one  liter  of  aolutlon  [not  in  I  1.  of  solvent).  When  molec- 
ular fonniiliD  (p.  lOUj  are  uaed,  llus  means  one  grara-forinula 
wd^t  per  liter.  In  the  caeca  cit«d  above,  the  molar  solution 
contains  36.6  g.  HCI,  98  g.  RSO,,  and  133.5  g.  AlC'U  per  liter. 
As  will  be  seen,  the  coiiccntrations  of  molar  and  normal  solutions 
are  neoessarilj'  identical  when  the  radicals  are  univ^ent. 

Solution  One  of  tit*  Physical  Slates  of  Aggregation  of 
Matter.  —  When  a  solid  IkhI.v  ilissolvcst  iu  u  liquid,  llic  properties 
of  the  bod>'  undergo  a  very  miirkt'd  i-hutige,  which  to  all  appearaucc 
might  be  chemical.  Yd,  b(Midi-j<  thv  ou«o  with  which  a  liquid  may 
be  removed  by  vviipontt ion  and  the  solid  recovertil  unchnDgiKl,  we 
note  pjirticulwrly  thul  (he  con  cent  rati  on  of  «  sitturatcd  solutriun 
ciumot  be  expriiufi'd  in  terms  of  integral  tiiulttples  of  the  atomic 
weights.  \Vc  shiill  SIC  f^Un  that  the  quantity  of  a  solid  which  a 
liquid  may  take  up  '..itio  v,  itii  tho  slightest  change  in  lemjicrature. 
Now  we  do  not  find  tiie  roinposition  of  chemtoJil  compounds  so  to 
vftiy.  The  sohitinn  nf  :i  solid  may  therefore,  in  general,  be  likened 
to  a  chaiifce  in  stiiv  i>r  ii^^regation,  similar  to  the  conversion  of  a 
liquid  into  a  Riis  or  ;i -111  i-oep.  128). 

As  in  other  chanp'f  <  il  -i  n  ■■•,  so  in  the  process  of  solution,  heat  is 
always  liberated  or  absorbed.  This  is  known  as  heat  of  solution. 
Thus,  one  formula-weight  of  sulphuric  acid,  in  dissolving  in  a  large 
volume  of  water,  liberates  39,170  calories,  and  one  formula-weight 
of  ammonium  chloride,  in  dissolving,  absorbs  3880  calories. 

As  there  is  danger  of  confusion  arising,  we  may  repeat  that  a 
compound  is  homogeneous  and  its  composition  is  expressible  in 
chemical  units  trf  weight;  a  saturated  solution  is  homogeneous  but 
Its  ooneentration  varies  with  temperature  ao  that  atomic  weights 
omnot  Ite  used  to  descrilie  its  composition;  a  mixture  of  two  solids, 
or  an  emulsion  of  two  liquid^,  is  neither  homogeneous  nor  in  any 
way  definite-  in  composition. 


Molecular  Tietc  of  the  State  qf  Solution.  —  Aceepting  solu- 
tioQ  aa  a  physical  state  c^  ag^egation,  we  may  now  apply  the  same 


126 


COUXGB  CUBMIBTRT 


molecular  conceptions  to  the  explanation  of  the  behavior  of  a  sub* 
stance  in  solution  as  to  matter  in  the  gaseous  or  litiniil  statpa.  Wo 
BSw  thiit  a  solid  body,  which  ia  ordinarily  condensed  in  a  sniail 
Bpiicc,  can  be  disseminated  by  the  use  of  a  solvent  throngh  a  very 
IiLTge  one.  The  molcculca  of  the  solid  become  scattered  like  those 
of  a,  gas  or  vapor  through  a  much  greater  volume.  We  may  re- 
gard the  dissolved  substance  as  t>eing,  practically,  in  a  gaseous  or 
^ua«-gaseoua  condition.  The  molecules  are  torn  apart  from  one 
another,  their  cohesion  in  overcome,  and  their  freedom  of  motion 
18  in  a  mejisure  restort^d.  It  is  true  that  they  could  not  continue 
to  occupy  this  large  volume  for  a  moiuent  in  the  absence  of  the 
Bolvont.  But  we  may  bring  this  into  relation  with  the  case  of  a 
vapor  by  saying  that  a  Hulid  body,  like  common  salt,  can  evapo- 
rate {i.e.,  "dissolve")  at  the  ordinary  temiK-rature,  and  occupy  a 
large?  space,  only  when  that  spaee  m  already  filled  with  a  suitable 
liquid.  The  latter  acts  as  a.  vehicle  for  the  particles  of  the  soUd. 
A  volatile  liquid,  on  the  eontrary,  con  dissolve  in  an  empty  space 
and  fill  it  with  its  particles  without  any  vehicle  being  required. 

This  ('once|>tion  of  the  QtMrn-godeous  condition  of  a  dissolved  aul> 
slants  would  be  simply  fantastic  if  it  did  not  lead  us  to  a  better 
tmderstandiiif;  of  the  Ijehavior  of  solutions.  It  does  successfully 
explain  many  things,  such  as  difTuRion,  osmotic  pressure,  and  satu- 
ration (see  next  section). 

It  is  easy  to  show  that,  if  we  place  a  quantity  of  the  pure  solvent 
(Pig.  55)  above  a  concentrate<l  solution  of  a  substance,  and  then  set 
the  arrangement  aside,  the  dissftlvod  body  slowly  makes  its  way 
through  the  liquid  (Fig.  56),  obliterating  the  orifpnal  plane  of  sepa- 
ration. Eventually  the  dissolved  body  scatters  itJielf  uniformly 
through  the  whole.  In  other  words,  the  particle-s  of  ihe  dissolved 
substance  exhibit  the  property  of  diHuiion  in  the  same  way  as  do 
those  of  gasea. 

AVTien  the  diffusion  of  a  (ftu  is  resisted  by  a  suitable  partition,  we 
find  that  pressure  is  exercised  upon  the  walls  of  the  vessel  and  upon 
the  partition.  It  is  possible  to  show  that  the  particles  of  a  di«- 
solvai  subslance  exercJse  a  pressure  of  a  very  similar  kind.  This 
pressure  is  8poken  of  ea  dlfliuloc  prouure.  This  pressure  is  found 
to  be  proportional  to  the  concentration  of  the  solution,  just  as 
gaseous  pressure  is  proportional  to  the  concentration  of  the 
(Boyle's  law). 
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m€ttecular    View  of  the  Process  oj  Solution.  —  W©  may 

now  apply  the  a&me  ideas  to  the  procow  of  dueolving,  witli  n  view 
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more  cepeciuUy  to  oxpliiiiting  why  this  proi'dw  ceases,  in  spite  of  the 
presence  uf  c-xcoch  of  the  sotutv,  wheu  a  certain 
uonccotratJon  haa  bc«ii  reached.     If  some  of 
the  material  dissolves,  why  not  more? 

Let  lis  suppose  that  it  is  the  dissolving  of 
common  salt  in  water  (Fig.  57)  which  wo  wish 
to  explain  in  detail.  Wc  believe  that  in  the 
solid  Hiibatancc  tho  niolccules  are  clooely 
packed  together,  wliik-  in  the  solution  they 
are  rather  (sparsely  distributed.  The  process 
of  solution  must  consist  in  the  loosening  of  the 
molecules  on  the  surfiLce  and  their  passage  into 
the  liquid.  By  diffusion,  the  fR-e  molcculea 
viXX  gradually  move  away  from  the  neighbor^ 
hood  of  Ibc  surfaiT  of  the  solid  and  make  room 
for  others,  and  thus,  if  the  system  remains 
uudislurbcd,  the  liquid  will  eventually  become 
a  solution  of  uniform  concentration.  If  a  large 
enougl)  amount  of  the  ^olid  has  been  pro\'tded,  the  ultimate  ooncli- 
tioo  will  be  that  of  a  saturated  solution  with  excess  of  the  BoUd 
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bcnoatb.  If  we  had  proper  means  of  measuring  it,  the  tendency 
of  the-  molecules  to  leave  the  aoUd  m  the  presence  of  a,  given 
liquid  would  give  the  effect  of  a  kind  of  pressure.  This  ia  spoken 
of  as  solution  proMur*. 

Now  the  molecules,  after  having  entered  the  liquid,  move  in 
every  direction,  and  consequently  some  of  them  will  return  to  the 
solid  and  attach  themselves  to  it.  The  frequency  with  which  this 
will  occur  will  be  greater  as  the  crowding  of  particles  in  the  liquid 
increases,  so  that  a  stage  will  eventually  be  reached  at  which  the 
number  of  molecules  leaving  the  solid  will  be  no  greater  than  that 
landing  upon  it  in  a  given  time.  If  the  whole  of  the  liquid  has 
meanwhile  become  equally  chargetl  with  dissolved  molecules,  there 
will  be  no  cliance  that  the  field  of  liquid  immediately  round  the  solid 
will  lose  them  by  diffusion,  so  that  a  condition  of  balance  or  equi- 
librium (p.  89)  will  have  been  established:  NaCl  (solid)  ^  NaQ 
(dfllvd).  The  motion  of  the  particles  In  the  liiimd  produces  what 
we  have  culled  diffusion  pressure;  and  when  the  diffxmon  pressure, 
by  the  continual  increase  in  the  number  of  diasolved  molecules, 
beconus  equal  to  the  solution  pressure,  increase  in  concentration  of 
the  solution  c«aRe8.  It  is  at  this  point  that  ire  »peak  of  tht  Kotutim 
08  beinij  sriluratfd  with  respect  to  the  particular  substance  dissolv- 
ing. The  analogy  to  vapor  tension  and  vajjor  pressure  (p.  88) 
is  evident.  The  foregoing  explanation  should  be  compare*!  caro- 
fully  with  that  given  in  the  section  nn  the  molecular  relationn  in 
liquids,  and  in  that  on  equilibrium  (pp.  81,  81^90). 


Conditions  Affecting  the  Solubility  of  a  Cos.  —  When  the 
dissolving  sulxttance  is  a  saa,  led  through,  or  oonGned  above  the 
liquid  at  a  definite  jireasim-,  the  gas  dLssnIves  until  a  state  of  equi- 
librium between  tiissolvlng  and  emission  is  reached,  for  example. 
Oxygen  (gas)  ^Oxygen  (dslvd),  and  the  liquid  is  then  saturated 
with  the  gas. 

It  is  found,  as  the  moleoilar  theory  would  lead  us  to  expect, 
that  the  coQCAntration  of  the  saturated  solution  of  a  gas  Is  propor- 
tlonal  to  the  pressure  at  which  the  gas  is  supplied  (E»nrj'a  law). 

This  equilibrium,  Gas  (gaseous)  t^  f!aa  (dslvd),  can  he  reached, 
naturally,  from  the  othe-r  direction,  namely  hy  starting  with  a 
solution  of  the  gas  and  a  .ipace  above  the  solution  containing,  at 
first,  none  of  tlie  gas.    The  gas  leaves  the  solution  until  the  rates 
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of  etniauon  and  returu  bcfomc  equal.  Hence,  a  gas  may  be  en- 
tirdy  rwinovud  from  Kolutioa  by  bubbling  a  foreign  gaa  through 
the  liquid.  The  bubbk-»  furnisli  tho  spare  to  receive  the  emitted 
glut,  aad  have  a  largv  surfni'u,  so  tbitt  the  proc-csH  goes  on  rapidly. 
The  bubbles  also  escape,  imd  carry  with  them  the  emitted  gau,  so 
that,  ID  this  ease,  there  is  no  re-solution.  This  is  a  eiuw-  of  nullify- 
ing one  of  the  two  opposied  tendencies  (p.  90). 

niien  a  mixtur«  of  two  kuab  is  shaken  with  a  Hquid,  the 
gases  behave  indtpeiideniiy  of  ojich  other  (Dallou's  law,  p.  72). 
Each  has  the  aame  pressure,  and  therefore  the  same  solubility, 
as  it  would  poesem  if  it  alone  occupied  the  lehale  space  above  the 
liquid. 

Tmt  Immisritile  Solvents:  l^aw  of  Partition.  —  An  interest- 
ing application  of  the  same  ideas  may  be  mailc  to  a  ea.se  wliich 
occurs  very  commonly  in  chemipal  work.  If  we  shake  up  a  small 
particle  of  iodine  with  water,  we  find  that  it  dissolves  slowly,  giving 
eventually  a  saturated  but  very  dUute  solution.  If  now  ether  in 
sufficient  quantity  be  shaken  mth  the  aqueous  solution,  the  greater 
part  of  the  iodine  will  find  its  w;iy  into  the  etlier,  and  be  contained 
ID  the  brown  la>'er  which  rises  to  the  top.  The  proceea  of  re- 
movini;  a  eubstance  partisilly  from  solution  in  one  solvent  and 
Beouring  it  in  another  is  eulletl  aztractlon.  We  find  in  such  cases 
that  neither  solvent  can  entirely  deprive  the  other  of  the  whole  of 
the  dissolved  HubHlanec,  if  the  latter  ts  soluble  in  both  independ- 
ently. A  state  of  equilibrium  is  finally  reached:  U  (in  Aq)  *^  U 
(in  ether).  The  partition  of  the  substance  takes  plaec  in  propor- 
tion to  its  solubility  in  each  solvent.  It  is  found  that  au^'  amount 
of  the  solute,  up  to  the  maximum  the  system  can  eontoiu,  provided 
this  doi«  not  involve  too  high  a  conenit  ration  in  cither  solvent,  is 
divided  so  that  the  ratio  of  the  concentrations  in  the  two  solventa 
is  always  the  same.  Id  the  ease  of  iodine  divided  between  water 
and  ether,  this  ratio  is  about  1  :  200. 

This  principle  is  used  in  Parke's  process  iq.v.)  for  extracting 
silver  from  molten  lead,  by  means  of  melted  zinc  aa  the  second 
solvent.  It  n  employed  in  separating  interesting  compounds  from 
unlnial  secretions  and  vegetable  extracts,  and  in  purifying  such 
compoumls.  Nicotine  from  tobacco  and  cocaine  from  eoca- 
leaves,  are  secured  in  this  way. 
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Influence  oj  Temperature  on  Solubility.  —  The  quantity  of 
a  aubstancf^  which  v.-c  can  diiwolvc  in  a  fixed  amount  of  a  given 
solvent  depends  vpry  Isrgi-ly  upon  the  temperature  of  both.  Usu- 
ally the  solubility  increjwot  with  rise  in  temperature.  Measure- 
ments may  be  made  by  the  method  dracribcd  before  (p.  ISJ),  using 
excesft  of  the  finely  pon-dcred  solute  with  different  portions  of  the 
same  solvent  in  vessels  kept  lit  different  temperatures.  The  most 
useful  way  of  n-prtasenliiig  the  Results  is  to  plot  them  graphically. 
The  diagram  (Fig.  5S)  shows  tho  curves  for  a  few  familiar  sub- 
stances. The  ordinatus  reprcseut  tlie  number  of  grams  of  the 
anhydrous  compound  which  is  hold  in  solution  by  100  g.  of  water 
in  each  case.  TTw  abecBSte  represent  the  ti-mperatures.  The  con- 
wntnition  for  any  temperature  can  be  read  off  fttonee.  Thus,  lOOg. 
of  water  hulcb  13  g.  of  potassium  nitrate  in  solution  at  0"  and  150  g. 
at  73°.  The  tncrcafle  in  solubility  is  here  enormous.  On  the 
other  hand,  the  same  quantity  (if  water  will  hold  3.^.6  g.  of  so(hum 
chloride  in  solution  at  0°  and  39  g.  at  !00'.  The  difference  i.^  shown 
at  once  when  we  exajnine  the  curv-es  and  observe  that  the  line  repre- 
senting the  Boltihility  of  sodium  chloride  scarcely  rises  at  all  between 
0°  and  100°,  while  that  of  potassium  nitrate  is  extremely  steep. 

Ceases  in  which  the  solubility  decreases  with  rise  in  temperature 
are  less  common.  The  solubility  of  slaked  lime  (calcium  hydroxide 
Ca(OH)i,  used  to  make  Uniewater)  is  0.175  g.  at  20°  and  0.078  g. 
at  KK)".  Anhydrous  sodium  sulphate  NajSO,  (Fig.  59,  p.  132)  ia 
another  illustration. 
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Equilibrium  in  a  Saturated  Sotution.  —  Onco  a  solution  has 
beeome  saturated,  the  dissolving  substanw  remains  thereafter  un- 
changed in  amount.  A  greater  excess  of  the  solute  forces  no  more 
matter  itito  solution  than  does  a  small  excess. 

It  should  Ix-  clearly  understood,  however,  that  an  exchange  of 
molecules  (p.  128)  is  still  going  on  bctwi'en  the  soh'd  and  the  solu- 
tion. Tluit  this  conception  is  correct  may  be  shown  in  various 
ways.  Thus,  if  a  crystal,  the  edges  or  corners  of  which  have  been 
broken,  ia  suspended  in  a  saturated  solution  of  the  same  substance, 
it  neither  increases  nor  dimiQishe,8  in  weight.  Vet  we  find  that  the 
imperfections  arc  removed,  and  that  this  takes  place  by  the  solu- 
tion of  a  portion  of  the  substance  from  the  perfect  surfaces  and  its 
deposition  upon  the  imperfect  ones. 
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Superauturated  Solutions.  —  Another  very  striking  proof  of 
this  may  be  obtainwl  by  saturating  watiT  with  ordinary  Glnuber's 
salt  (hydrated  sodium  sulphate  NiVjSCIOHaO)  at.  say,  30°,  at 
which  temperature  100  cc.  of  wstt-r  hold  in  solution  -10  g.  of 
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NftaSO,  (Fig.  .19).  Tho  excras  of  the  solid  is  carefully  and  com- 
pletel>'  separateii  from  tho  liquid,  and  the  latter  is  allowed  to  cool, 
say  to  IS",  in  a  flask  loosely  stoppered  with  cotton. 
The  solution  now  contains  a  much  laj^r  amount 
of  sodium  sulphate  (Na^SOi)  than  at  its  present 
temperature  it  could  acquire  from  contact  with 
Glauber's  salt  {13  g.  at  15").  Yet  in  the  absence 
of  a  crystal,  with  which  the  above  described  ex- 
change could  take  plact,  no  deposition  of  the  dis- 
solved substance  be^s.  The  solution  may  be 
kept  indefinitely  without  alteration.  The  intro 
duction,  however,  of  the  minutest  fragment  of 
the  deeahydrate  at  onoc  starts  the  exchange,  and 
this  is  necessarily  very  much  to  the  disadvantage 
of  the  solution  and  the  advantage  of  the  crystal: 
lOHjO  +  Na»SO,  (dalvcl)  !^  Na,SO4.10H,O  (solid).  The  latter 
therefore  forms  the  center  of  a  radiating  mass  of  bliide-Iike  proc- 
esses, which  sprout  with  astonishing  rapidity  tlirough  the  liquid 
(Fig.  60). 
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UbuhII.v  the  roolins  of  a  coDce-Dtrat«d  solution  leads  to  the  almost 
immediate  appearance  of  cr>-stalR  spontaneously,  and  the  substance 
is  depoaited  gradually  as  the  temperature  falls.  But  solutions 
of  a  number  of  common  substances,  such  as  sodium  thiosulphate 
(photographer's  "hj-po")  and  sodium  chlorate,  behave  like  that 
of  sodium  sulphate.  They  are  said  to  have  a  tendency  to  ^ve 
RqMnatuntcd  soluUoni.  In  general,  crystallization  can  be  started 
only  by  intro<luction  of  a  specimen  of  the  same  substance.  The 
smallest  particle  of  the  right  material  floating  in  the  air,  if  it  gains 
admission,  will  bring  about  the  result.  This  shows  the  importance 
of  the  interchange  of  molecules,  of  which  we  have  spoken,  for 
establishing  equilibrium. 

This  phenomenon  is  similar  to  the  supercooling  of  water  (p.  86), 
which  results  in  crystallization  (freezing)  when  a  fragment  of  ice 
is  dropped  in. 
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Definition  of  a  Saturated  Sotuttoni  A  tfarning.  —  To  avoid 
a  common  i&l>coiicei>tlon,  it  must  be  noted  that  a  saturated  solution 
must  ne(  be  delinetl  as  one  containing  all  of  the  solute  that  it  pan  hold. 
A  supersaturated  solution  holds  more.  The  aaturatod  solution  is 
one  which  contains  all  of  the  dissolved  solute  that  it  can  acquire  from 
the  undissolved  solute.  Better  still,  it  is  that  solution  which,  when 
plMCd  with  •xceu  of  tho  solute.  Is  toond  to  h«  in  aquiUbrium. 

It  muHt  be  clearly  un<lerstood  that  solution  is  not  a,  process  of 
filling  the  pores  of  the  liquid.  If  that  were  true,  approximately 
equal  weights  of  all  Kubstnoceit  would  find  accommodation  in  equal 
volumes  of  water.  The  fact  is  that,  for  example,  100  c.c.  of  water 
can  dissolve  1!)5  g.  of  silver  fluoride,  but  only  0.00000035  g.  of 
silver  iodide,  although  the  t«pace  available  in  the  solvent  (if  there 
M  any  free  space)  is  the  same  in  both  cu8L>ti. 

The  same  conclusion  is  reached  when  wo  coniuder  that  two  forms 
of  the  same  compound  have  different  solubilitiwf.  Thus,  at  20", 
Na,S04,lOH»0  am  give  about  18  g.  of  Na«S04  to  100  c.c.  of  water 
(Fig.  S9).  But  anhydnms  sodium  sulphate  NajSO*  at  20°  gives 
59  g.  to  th*  3ftinc  AJnount  of  wntt-r  (n-iid  up  to  dotted  line,  Fig,  59). 
Note  tluit  in  iho  diugram  (Fig.  59)  the  solubility  curve  of  XatSO,, 
IOH}0  comes  to  an  end  at  32.4°.  At  this  temperature  the  solid 
melt«  and  decomposes,  so  that  mea«urement8  with  this  solid  be- 
yond that  temperature  arc  liupu^ible. 
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Infliitrtirvs  of  thfi  SolttU'-  I'pon  the  Solvent.  —  These  iii- 
fliK-iii  f-,1  ura  of  two  cliissi>3.  In  one  of  Ukw^  i'i)i*«i>s,  oqual  num- 
bers of  diiftiolvtil  TiioItTuks*  of  ilifl^Torit  s u lis tu noes  produce  the 
same  amount  of  cimtige.  The  effoct  ft|>pcar8,  therefore,  to  be 
largely  due  to  inechiuami  ciuei^.  Of  thii«  nature  are  the  towering 
of  tbe  froeziiig-point  of  the  liquid,  the  lowering  of  its  vapor  tenetion 
and  tbe  rainug  of  its  boiliug-point,  aiid  the  value  of  the  osmotic 
pressure  (see  below). 

In  the  other  class,  the  effect  varies  with  the  suljstance  dissolved. 
The  changes  in  volume  (see  below)  belong  to  this  class. 


FrifVsing'Pointji  of  Solutionm    Freesing  Mixturvx.  —  The 

freoKing  uf  a  dilute  solution  consists,  usually,  in  ilie  cry)«talliza- 
tion  of  some  of  the  pure  noheitt  only.  The  prc-setioe  of  a  dift.'^olved 
body  tends  to  prevent  this  freezing,  and  so  solutions  can  l>e  frozen 
only  at  temperatures  below  those  at  which  the  pure  solvent-would 
frecise.  Thus,  one  gram-molecular  weight  of  any*  substance, 
such  as  augar  (342  g.)  or  alcohol  (46  g,),  diasolved  in  1000  r.c, 
(1  liter)  of  water,  wUl  cause  the  water  to  freeae  at  —  LSfi"  instead 
of  at  0*. 

This  explains  why  sea  water  is  much  less  often  froiscn  in  cold 
weather  than  is  fresh  water.  It  should  be  noted,  also,  that  the  ice 
formed  in  salt  water  is  free  from  salt. 

This  fact  likewise  explains  why  salt  thrown  on  ice  causes  the 
latter  to  melt.  A  8aturate<l  solution  of  salt  does  not  freeze  until 
cooled  to  —21°  (—6°  F.),  and  it  then  gives  a  mixture  of  ptire  ice 
and  pure  salt  crystals.  Honco,  ice  and  salt  cannot  permanently 
exist  together  above  —21°.  Below  —6°  F.,  salt  will  no  longer  melt 
ice.  A  mixture  of  iwr  and  salt,  giving  a  temperature  of  —6°  F., 
is  called  a  frftesiitg  mlxttura,  and  is  used  in  freezing  ice  crouiii  and 
ices. 

Uolvcular  waights  of  non>voI:t(ile  substances  can  Ix-mouured  by 
simply  finding  out  what  weight  of  the  substance,  in  1000  c.c.  of 
water,  is  required  to  lower  the  freezing  point  from  0°  to  —1.86", 

The    Vapor    Tension    of  Solutions:     Deliquescence.  —  A 

solute,  which  is  itself  non-volatile,  tends  to  diminish  the  vapor 
tension  of  tbe  solvent.     It  hindfre  the  emission  of  vapor. 
•  For  LmporlnDt  exM^tions,  me  Chap.  XVL 
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If  the  substance  is  very  soluble,  and  the  solution  highly  conccn- 
tnitfd,  the  lowering  in  tlio  vapor  tension  will  be  eonsidcrable.  In 
fuel,  the  solution  tiiay  give  u  vapor  pressure  of  water  less  than  that 
cuninioiily  present  in  the  atmosphere.  Such  a  solution,  placed  ia 
an  open  vessel,  will  not  evaporate.  On  the  contrary,  vapor  from 
the  air  will  cnt«r  it,  and  it  will  increase  in  bulk.  For  this  rcasou, 
crystals  of  very  soluble  substances  are  usually  moist  and,  when 
exposed  to  the  air,  acquire  water  from  the  tiilU-r  and  (Useolve  ia 
this  water.  This  behavior  is  called  deliquaictnc*,  an<^l  is  exhibited, 
for  example,  by  the  hydrate  of  ualeium  chloride  CaCIi,2B»0, 
which  18  consequently  ust^d  for  drying  guses.  Magnesium  chloride 
^^S^'ii  present  iis  an  impurity  in  coiumou  salt,  causes  the  latter  to 
become  moist  in  damp  weather. 

The  principle  involved  will  l>ccomc  clear  if  we  imagine  two 
vessels,  one  containing  jmrc  water  and  one  an  aqueouR  solution, 
to  be  plaw-d  on  a  glatw  plate  and  covered  by  a  M\  jar  {I-Hg,  01). 
Each  liquid  exclmngt^  water  molecules  with  the  moist  air  in  the 
jar,  but  the  solution  gives  off  water  more 
feebly  than  <loe8  the  pure  water.  Tlie 
result  ia  that  the  latter  can  produce  a  prcs- 
sure  of  water  vapor  higher  than  that  which 
would  be  in  equilibrium  with  the  solution. 
The  solution,  therefore,  receives  continu- 
ously more  moleculea  than  it  emits,  and 
increases  in  volume.  The  pure  water  tliua 
gradually  passes  through  the  vapor  state 
into  the  solution  until  it  is  all  gone.  If  sufficient  water  was 
present,  the  process  would  go  on  until  the  solution  became  iu&utvly 
dilute. 


Fiii.  Dl. 


Boillng-Puinta  of  Solutiona.  — Since  the  solute  interferes 
with  the  emission  of  the  vapor  of  the  solvent,  it  naturally  makes 
the  solution  more  difficult  to  boil.  It  raises  the  boUing-poinl, 
Thus  one  gram-molecular  weight  of  sugar  (342  g.)  or  of  glycerine 
(92  g.),  dissolved  in  1000  cc.  of  water,  will  elevate  the  boiling 
point  from  100"  to  100.52"  (for  exceptions,  see  Chap.  XVI). 


77i«  I.au!»  of  Oamotic  Preaaure.  —  We  have  seen  that  a  dis- 
soIvmI  substance  vxcrciscii  a  pressure,  called  osuioLic  pressure,  which 
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is  proportioD&l  to  the  concentration  of  the  8o)ut«  in  the  solvent. 
This  pKSBurc  show's  itself  when  a  membrane  oppo!M?s  the  diffusion 
of  the  Bolut*  from  the  solution  into  a  layer  of  pure  solvent.  The 
phcnomcDA  can  be  illustrated  by  using  a  diffusion  shell,  of  test- 
tube  fonn,  attftched  at  the  lower  end  of  a  ^ass  tube  (TPig.  82). 
We  mAy  place  the  solution  {e.g.,  of  sugar)  Inside  the  shell,  and 
pure  water  outside.  The  material  of  the 
«hcU  is  such  that  the  water  can  pass  through 
it  in  either  direction,  but  the  molecules  of 
the  dissolved  suhstanre  cannot  do  so.  Such 
a  membrane  is  called  leml-pennoabl*. 
The  facta  observed  with  this  arrangement 
f|  are  an  follows:  (1)  The  pure  aolvtut  puw 
I  |^&±r;M  Into  tlM  Bolution.  Thus,  if  the  solution  i.* 
inwde  the  shell,  water  enters  through  the  wall 
of  the  shell,  and  the  liquid  therefore  rises  in 
the  tube.  If  the  solution  is  outside,  water 
pasHcs  out  of  the  shell,  and  the  liquid  in  the 
tube  falls.  (2)  If  solutions  of  different  con- 
centrations are  used  inside  and  oubsidc,  th* 
■olvMit  puM>  from  the  morA  dlluta  Into  tha 
mora  e<mcentr&t«d  lolutlon,  mi  thiit  the  tend- 
ency is  to  dilute  the  latter  and  concentrate 
the  former  until  both  have  the  saine  con- 
centration. (3)  Tta»  MitranM  of  th*  lolvcnt 
can  be  prerenCfld  b;  th*  application  ot  prauure 
to  the  BUrtacQ  of  tha  liquid  in  tba  tuba.  With 
1  per  cent  sugar  solution  inside  and  water 
outside  (at  15°),  a  pressure  equal  to  500  mm. 
of  mercury  (0.66  atmoa.)  per  square  centimeter  of  the  surface 
of  the  membrane  is  required  to  stop  the  entrance  of  the  sol- 
vent. This,  therefore,  is  the  value  of  the  BO-called  osmotic  pres- 
sure. Since  the  entrance  of  the  solvent  is  due  to  the  dissolved 
Ribstonce,  and  the  solvent  is  really  drawn  foroafully  Into  th* 
iolatlon,  it  niiglit  be  more  appropriate  to  call  the  force  oftruttic  buc' 
titm.  fl'hatever  it  is  named,  however,  it  is  real,  and  its  value  can 
be  measured.  (4)  Tba  Tohia  of  the  pratsun  (or  suction)  Inerauaa 
in  proportion  to  tha  absolute  t«mp«rBtura,  just  like  the  pressure 
of  a  gas.     (S)  Tha  valua  ot  tha  prauiira  (or  suction)  Is  alao  propor- 
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^^iMUl  to  the  ooDoaotTftUon  of  the  lotuts  In  th«  BOlutlon.     Thufi,  2  per 

I     sent  BHRiir  pcavi^  (PfufTir)  1010  mm.  preaaiire,  4  per  cent  augur  2082 

mm.     (6>  Whpn  different  Rolutea  are  compared,  it  is  found  that, 

ftt  Uu  urns  t«mperatiire,  equ^  numbers  ot  molMuIet  of  tha  aoluUs 

dissolved  in  equ&l  Tolumes  o(  ttie  solvent  gin  aJmoct  equftl  osmotlo 

presBurea  (or  Buotions).     Tlius,  one  mole  (M2  g.)  of  sugitr  CuUjjOu 

Slid  one  mole  (74  g.)  of  methyl  acetate  CHjCOjCHj,  which,  ia 

^knte  of  the  great  difference  in  weight,  contain  cquftl  numbers  of '^ 

^^oleculea,  when  diasolved  separately,  each  in  ten  litt'rn  of  water, 

give  in  both  cases  2.42  atmospheres  osmotic  pressure  (or  suction). 

b(7)  Finally,  Uie  oamoUe  preamr*  (or  suction)  exercised  bf  a  oeruln  j 

'qoantlty  of  a  anbat«nce  In  dlluta  solution  ts  Ideatioal  in  value  with 

the  saaeous  preaaure  which  the  aam«  quantltr  of  the  aame  subatanos 

would  exercise  if  it  were  contained  sa  a  fas  In  the  same  volume  at  the 

same  temperature.     Thus  44  r.  of  earhon  dioxide,  as  a  gas,  filling 

22,4  liters  (the  C.M.V.)  at  0'  exercise*  one  atmosphere  gaseous 

precBure.     When  the  cube  is  filled  with  water,  and  the  gas  is 

thus  dissolved,  the  osmotic   pressure   of  the  solution  is  one 

■atmosphere. 

^m    lliese  facta  apply  to  substances  which  are  not  acids,  baaes, 
^ur  salts.     We  shall  find  later  (aee  Chap.  XVI]  that  the  osmotiol 
^^njKUres  of  the  iiieml>erB  of  these  three  classes  of  sul>staiic«<  are 
HnHJuently  abnoriuaUy  high,  but  that  the  abnormality  is  easily 
exi^ined. 

Osmotic  pressure  (or  suction)  is  a  subject  of  great  interwt  ia 
connection  with  the  physiology  of  plants  and  animals.  It  aids  in 
explaining  why  a  withered  flower,  containing  a  solvtion  in  its  cells, 
revives  when  placed  in  pure  water.  The  latter  enters  through  the 
walls  of  the  i'cIIb,  and  the  pressure  thus  produced  distends  the 
structure  and  stiffens  it.  Similarly,  the  ascent  of  the  water  from 
tiie  BoQ  into  the  roots  and  through  the  stem  of  a  growing  plant  is 
explaiood.     In  the  animal  body  also,  osmosis  plays  a  large  part. 

Measurements  of  osmotic  pressures  cannot  be  made  aeeuratetyj 
with  a  diffusion  Hhell,  because  the  solute  is  able  to  some  ejctent  to ' 
pass  through  the  material.    Then,  too,  such  a  shell  can  he  used 
only  with  dilute  solutions,  because  it  will  not  withstand  higb 
pressures.     In  making  accurate  measurements,  a  cell  of  porou>> 
porcelain  is  used,  and  the  pores  are  filled  with  a  gelatinous  predpi- 
^,tatc  of  cupric  ferrocyanide  CuiFe(CN)«  (f-r.).  ^^^^_ 
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Denaitiea  qf  Sohttiona.  —  The  density  or  specific  gravity  of 
ft  salution  IB  usually  greater  than  that  of  water  and,  in  each  case, 
varic*  with  tho  coticfntration.  For  commercial  purposes,  the 
coDccntrations  of  solutions  are  commonly  defined  by  tlie  specific 
gravity.  Thus,  wc  purchase  ammonium  hydroxide  solution  of 
"0.88  Bp.  gr.,"  meaning  35  per  cent  of  ammonia,  or  sulphuric  add 
of  "  1.84  sp.  gr.,"  meaning  (M.8  per  cent  of  the  acid, 

Tliu  ourumouly  greater  <lciisity  of  a  solution  i;^  utilized  in  making 
eolution»  in  chetuical  fiielories.  Shnkiiig  several  lon»  of  the 
mixture  is  out  of  the  ttu<wtiau,  and  stirring  coNts  money.  If  the 
solid  b  plucked  in  tliu  bottuiii  uf  the  ttmk,  under  water,  ii  i^atuntted 
solution  is  formed  in  thfl  lowest  layer  of  the  water,  and  pa&sugc  of 
the  dissolving  substanoc  into  the  upper  laj-ers,  hy  iliffvision,  would 
take  months  or  years.  Heucc  most  of  the  solid  would  remain  un- 
diwiotved  (Mg.  .57,  p.  127).  But  wheji  the  solid  fs  placed  on  a 
g,kelf  near  the  surface  of  the  water,  the  sohjtion  sinks  through  the 
water,  fresh  water  rises  to  the  shelf,  and  a  circiiliition  is  started. 
This  results  in  the  dissolving  of  the  whole  material  in  a  surprisingly 
short  time,  with  no  expenditure  of  labor  whatever, 

Changa  in  Volume  upon  StAution.  —  The  erratic  and,  at 
present,  unoxplauied  changes  in  volume  whicli  occur  when  a  sub- 
stance is  diMolved,  seem  to  indicule  that  the  process  is  less  simple 
thim  we  have  thu»  far  admitted,  and  that  chemiail  chiinges  occur 
during  the  prowess.  Thus,  when  250  g.  of  cumuiun  salt  are  dis- 
solved in  1  liter  of  water  (=  1000  c.c.  =  1000  g.),  which  gives  & 
20  per  cent  solution,  the  volume  of  the  solution  is  only  1086  c.c. 
Since  the  250  g.  of  salt  occupied  116  c.c.  before  licing  dissolved,  a 
flftnnfctijcof  1116  —  1086  or  30  c.c.  accompanied  the  process  of  solu- 
tion. On  the  other  hand,  214  g.  of  ammonium  chloritle  (volume 
142.5  e.c.)  and  843J)  c.c,  of  water,  have  a  total  volmne  of  986  c.c, 
but  when  dissolved  give  1000  c.c,  of  solution.  Here  there  is  an 
expansion  of  U  c,c.  Table  sugar,  however,  dissolvce  in  water 
with  almost  no  change  in  volume. 

/s  Solution  a  Physical  or  a  Chemical  Change?  —  These 
phenomena  are,  in  pari,  accounted  for  by  the  fact  that  water  is  not 
a  single  substance,  but  a  mixture.  It  is  hirgely  composed  of 
dihydrol  (HjO),,  with  much  trihydrol  (H^O))  near  to  0°  and  in- 
crousiug  quantities  of  mouohydrol  lltO  at  higher  temperatures. 
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When  any  substance  is  dissolved  in  considerable  amount  in  water,' 
the  Dquiljbrium  amnngst  th«se  tlirce  kinds  of  molecules  is  di^ 
turbcd,  and  tbeir  pro}>ortioiis  chanftc: 

2(H,0),  ±5  3(H,0).  ±5  6H,0. 

Now,  equnl  vwiglits  of  thvw  three  kinds  of  water  occupy  diffi^rent 
'  volumes,  and  hciioo  sulution  is  itct'oiniMiiiied  by  changes  in  tho 
volume  of  the  wiUirr.  The  same  eondilion  in  water  explains  the 
point  of  maximum  density  (1°),  The  change  from  (H»0)j  to 
(HjO)t,  wliicih  proceeds  as  the  temperature  rises  from  0°  to  4°,  ia 
ai-companiod  by  a  Kbrinkti</i',  Ixrcausi*  dihydrol  lias  the  higher 
density.  Beyond  4°,  the  usual  expansion  with  rising  temperature 
prevails. 

There  is  also  evidence  that  many  <lissolvccI  bodies  form  unstable 
.  compounds  with  water,  although  we  have  not  as  yet  definite  in- 
^Kormation  about  these  compounds. 

^B  Dissolving  in  water  is,  therefore,  partly  a  chemical  and  only 
^ftartly  a  physical  process  —  a  part  of  the  water  is  always  affected, 
^Knd  a  part  or  all  of  the  solute  may  go  into  combination. 

^H    Exercises.  —  1.   Give  other  cxamploji  of  limited  solubility  in 

^^arious  solvents  (p.  122). 

[         2.   What  weights  of  phosphoric  acid  (p.  94)  and  of  sodium 

hydroxide,  respectively,  arc  required  to  miike  1  liter  of  a  normal 

solution? 

3.  Bxpr(?8S    tho    concentrations    of    solutions    of   ammonium 
chloride,  aaturat<^d  at  0°  (»p.  gr.  1.07(>),  aiul  of  potiK^imu  suIphatttJ 
K1SO4,  saturated  at  10°  (sp.  gr.  1.083),  in  terms  of  a  normal  solu-j 
Uon  (p.  124). 

4.  Ebcfn^iss  the  concentration  of  a  five  \kt  cent  aqueous  soluttoal 
of  phwpboric  acid  (ep.  gr.  1.027),  in  terms  of  a  normal  aud  a  mohkr^ 
solution,  rcapcctivcly, 

5.  Explain  why,  (n)  pulveriitstion  and,  (b)  a^taUon  hutra  the 
dissolving  of  a  solid  (ef.  pp.  331,  398). 

6.  Bead  from  the  curves  (p.  131)  the  sol iibili ties  of  potassium 
nitrate  at  15°,  of  potassium  chloride  at  30*,  of  potassitmi  i;iilurat« 
at  45°.  What  are  the  relati\'e  rates  at  which  the  solubilities  of 
tliese  salts  increase  with  rise  in  tem|icrature? 

7.  If  5  g.  of  a  Bubetanco,  dissolved  in  1000  c.«.  of  water,  give> 
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what  ia  the  molecular  vrdght  of 


solution  Irocziiig  at  —0.2" 
substance? 

8.  At  what  point  in  a  tank  o6  ^vater  should  you  introducft 
ammonia  giiK,  in  order,  with  the  least  effort,  to  saturate  the  water? 
The  sp.  gr.  of  the  saturated  solution  is  0.88. 

9.  6  grants  of  a  Hubstanee  when  dissolved  in  200  c.c.  of  water 
give  a  boiling-point  of  102.6°.  What  is  the  molecular,  weight  of 
the  substajice? 

10.  1.6  gram*  rf  naphthalene  CioH»  when  dissolved  in  25  g.  of 
benzene  (freezing-point  6,48°)  gives  a  solution  which  freezes  at 
3.03°.  Wlien  2.44  grams  of  another  substance  are  t^swolved  in 
the  same  amount  of  benzene,  the  solution  freezes  at  3.52°.  What 
18  the  molecular  weight  of  the  latter  substance? 

11.  The  elevation  of  the  boiling-point  in  the  above  solution  of 
naphthalene  i.-^  1.28.5°.  What  elevation  of  the  boiling-point  ia  pro- 
duced in  the  sccoud  M>lutiou? 
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HYDEOOBN  CHLORIDE.    CALCULATIONS 

We  htivv  hnii  ofCiisiou  wtveral  times  to  niention  common  aaft, 
or  sodium  chloride  NaCl.  Thia  ix  one  of  the  most  fumiliar  chcmi- 
cal  subfttancca.  l^rfce  quantities  of  it  are  used  in  the  household, 
in  cooking  nnd  in  making  freczin)^  inixtuir^  StiU  larger  amount^') 
arc  consumed  in  nmiiufucturing  wiisliing  mxla,  caustic  soda,  and 
Boap,  for  all  of  which  it  furnishes  the  necessary  sodium.  It  is 
umhI  also  in  preserving  fish  and  other  food^  It  supplies  the 
chlorine  i&ed  in  bleaching  and  in  the  BteriliEa- 
tion  of  city  waters.  Wc  shall  consider  it  finit 
as  a  means  of  making  other  compounds  of 
chlorine. 


E Preparation  oj  Hydrogen   CItloride  HCl 
from   Salt.  —  When   some   concentrated   sid- 
phuric  acid  b  poured  U[X)ii  sodium  chloride,  a 
vigorous  effervescence  is  noticed.     Thia  shows 
that  bubbles  of  a  gas  arc  forming  upon  the 
salt  crystals  and  are  rising  through  the  acid 
and   bunting.      If   the  salt  be    plape<l  in   a 
fiask  (Fig.  63),  the  acid  can  be  allowed  to  enter 
from  time  to  time  through  the  funnel.     When 
^—  the  air  has  been  displaced  from  the  Bask,  the  gas  issues  from 
^Bthe  delivery  tube.    If  the  correct  proportion  of  the  acid  is  used, 
^  and  only  a  gentle  heat  ia  applied,  all  that  remains  in  the  flask  is 
a  white  solid,  sodium-hydrogen  sulphate   (sodium  biaulpbate) 
NaHSO,: 

Naa  +  H^O,  -.  NaHSO*  +  HCl  T  ■*  (1) 

The  amw  directnl  downintrds  iiidicatM  elimination  or  n  iiubst)in<w  by 
ripiUtion;  that  dire«t4i(l  upward*,  mnapc  iw  «  Baa  or  mlutioa  o(  •  lolid. 
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The  gBts  is  extremely  soluble  in  water  aud,  bmg  heavier  than 
air,  may  be  collected  b^  upward  displacement  of  the  tur  in  n  jar. 

The  action  described  id  the  oii(A|uoh  occurs  in  the  laboratory. 
Wheii  a  double  proportion  of  salt  anM  high  temperature  are  used, 
a  second  actiou  occutb: 

Naa  +  NaHSO,  -*  NaaSO,  +  HCl  T 

and  Bodium  sulphate  Xa^SOt  remains.  In  Europe  this  action  is 
employed,  with  furnace  heat,  in  manufacturing  sodium  sulphate, 
from  which  sodium  carbonate  is  afterwards  prepared.  The  hydro- 
gen ctiloridc  pas5e«  into  a,  tower,  down  which  water  triekJtw  over 
lumps  of  coke,  and  ie  dissolved.  The  aqueoua  solutiou  is  called 
hydrochloric  acid  or,  in  commerce,  muriatic  acid  (Lat.,  frriw 
acid). 

Hydrogen  Chloride  from  Other  Gtlorideg  t/hd  Othtr 
Adda.  —  The  chlorides  of  other  nielals  could  be  substituted  for 
sodium  chloride  iu  this  action,  and  all  the  more  soluVilc  ones  would 
give  hydrogen  chloride  frcciy.  Other  chlorides  are  all  more  ex- 
pensive, however,  than  is  common  salt. 

All  aci(U  contain  the  necessary  hydrogen  radical,  and  might 
offer  it  in  exchange  for  the  sodium  in  the  salt,  yet  in  practice  no 
other  acid  works  so  well  as  does  sulphuric  acid.  Concentrated 
phosphoric  acid  H|P04,Aq  acts  more  slowly,  giving  primaiy 
sodium  phosphate: 

NaCl  +  H.PO,  —  Nan.PO,  +  HH  T- 

The  Molecular  f'ietc  of  the  tnteraction  of  Sulphuric  Acid 
and  Salt.  —  One  who  has  used  the  above-described  methods  for 
making  hydrogen  chloride  without  reflection  would  not  realize  the 
complexity  of  the  machinery  hy  which  the  result  is  acliieved.  The 
means  are  apparently  very  simple.  Yet  the  mechanical  features 
of  this  experiment,  when  laid  bare,  are  ejctremely  curious  and  in- 
teresting. A  sintdc  fact  will  show  the  po6Eibilitics  which  are 
concealed  in  it. 

If  we  take  a  saturated  solution  of  sodiiun-hydrogen  sulphate  in 
water  and  add  to  it  a  concentrated  solution  of  hydrogen  chloride  m 
water  (coQueotratcd  hydrochloric  add),  wc  shall  perceive  at  once 
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ift  rormation  of  s  copious  precipitate, 
of  minute  cubes  of  sodium  chJnride: 


This  is  composed  entirely 


NaHSO,  +  q^  HjSO.  +  NaCl  i-* 


Now  this  actios  le  notliing  leas  than  the  prvviac  reverse  of  (I),  yet 
it  proceiKis  with  (.-qual  micu-Ks.  In  fact,  this  chemical  interaction 
k8  not  only  R-vcrwltlo  (pp.  93,  95),  but  can  be  carrietl  to  comple- 
tiou  in  i>ilfuT  direction.  It  is  only  in  presence  of  a  lar>i;e  amount 
of  water  that  it  stops  midway  in  its  career  and  is  valueless  for 
aocuriog  a  complete  transformation  in  either  direction: 

NaHSOt  +  HCl  p*  H^SO,  +  NaCn. 


la  an  action  which  is  reversible,  if  the  prodwU  remun  as  per- 
fectly mixwl  and  accpssible  to  each  other  as  were  the  initial  sub-J 
Btances,  their  intorjiction  will  continually  undo  a  part  of  the  work! 
of  the  forward  direction  of  the  change.    Hence,  in  such  a  case  tho 
reaction  must,  and  does,  come  to  a  stiuidstill  wlule  as  yet  only 
partly   accomplished;    but  thia  wivs  not   the   case  with   actionflJ 
(1)  and  (2).     Let  us  exajiiiue  the  means  by  which  the  prcniaturo 
cetWHtiou  of  each  was  avoided. 

In  equation  (1)  the  salt  (h.-^olved  to  some  extent  in  the  sulphuric 
acid,  NaCI  (wlid)  j^  NaCl  (dslvd),  and  so,  by  contnct  of  the  twoj 
kinds  of  tadeeuUt,  the  prtxluet^s  were  formi^.  On  the  other  hand, 
the  hydrogen  chloride,  being  insoluble  in  sulphuric  acid,  escaped  as 
fast  as  it  was  fonned:  H(.'l  (dslvd)  i=^  HCl  (gaj*).  Hence,  in  that 
cose,  almodt  no  reverse  action  was  possible,  and  the  double  decom- 
position went  on  to  completion.  With  all  the  sodium-hydrogea  j 
Milphate  in  the  bottom  of  the  flask,  and  most  of  the  hydrogen 
chloride  in  the  space  above,  the  two  products  mif^ht  as  well  have 
been  in  separate  vessels  so  far  as  any  efficient  re-interaction  was 
concerned.  This  plan,  in  which  water  is  purposely  excluded,  forms 
therefore  the  metho<I  of  making  hydrogen  chloride. 

In  equation  (2),  on  the  other  hand,  the  hydrogen  chloride  was 
taken  in  aqueous  solviion,  and  was  mixed  with  a  strong  solution  of 
sodium  bisulphate.  The  add  was,  therefore,  kept  permanently  in 
full  contact  with  the  sodium  bisulphate.  It  had  in  this  case,  every 
opportunity  to  interact  with  the  latter  and  no  chance  of  escape. 
Every  molecule  of  each  ingredient  could  reach  every  molecule  of 
*  Soc  footnote  to  p.  141. 
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the  other  with  equal  tmac.  Furthermore,  the  Bodium  chloride, 
produced  ns  a  result  ofc  their  activnty,  is  not  ver>'  wluble  in  con- 
centrated hydrochloric  acid  (far  ^h^  tliari  in  water),  and  so  it 
came  out  an  a  predpitate:  NaC^^lvd)  i^  NaCI  (solid).  But 
this  was  almoot  the  same  as  if  it  had  gone  off  as  a  gas.  It  meant 
that  the  greater  part  of  the  salt  was  in  the  solid  form.  It  was  in 
a  state  of  line  powder,  it  is  true.  But,  in  the  molecular  point  of 
view,  the  smallest  particle  of  a  powder  rontains  millions  of  molp- 
cules,  and  most  of  these  are  neceesarily  buried  in  the  interior  of  a 
particle.  Thita,  the  sodium  chloride  was  no  longer  able  to  interact 
effectively  molecule  to  molecule  with  the  other  product,  the  sul- 
phuric acid.  Hence,  there  was  little  reverse  action  to  impede  the 
progress  of  the  primsrj-  one.  Thus  (2)  is  nearly  aa  perfect  a  way 
of  liberating  sulphuric  acid  as  (1)  ia  of  liberating  hydrogen 
chloride. 

This  discussion  is  given  to  illustrate  the  displaRement^jf  a  chcmi- 
cjil  equilibrium,  and  to  explain  the  metho<l  of  preparing  hydrogtm 
chloride.  It  also  throws  an  interesting  light  on  ebMnioal  afflnhy, 
however.  Considering  action  (1),  by  itself,  we  might  reason  that 
the  hydrogen  chloride  was  formed  because  the  affinity  of  the  hydro- 
gen (H)  for  chlorine  (CI)  was  greater  than  for  the  sulphat«  radical 
{80«).  But,  if  we  did  so,  then  in  action  (2)  we  should  be  compelled 
to  reftaoii  similarly  that  the  preponderance  of  aflinity  was  juet  the 
opposite.  In  point  of  fact,  no  conclusion  about  relative  affinity 
can  be  drawn  from  these  actions.  The  effects  of  affinity  are  here 
entirely  subordinated  by  the  effects  of  a  purely  mechanical  ta- 
rangement,  depending  on  solubility.  When  the  activities  of  the 
acids  are  properly  compared,  hydrochloric  acid  is  foimd  to  be 
considerably  more  active  than  sulphuric  acid. 


PhyHtcat  Properties.  —  Hydrogen  chloride  is  a  colorless  gaa, 
which  protluces  a  sufTocattiig  effect  when  inhaled. 


Denaily  (H  =  1),  18.23- 

Weight  of  22.4  I.,  38.J3  g. 

Sol'ty  in  Aq  (0^),  S0,300  vols,  la  100. 


Crit.  temp.,  -^-hT. 
Boiling-point  (liq,).  -83.7*. 
Melting-puint  (scJid),  -110*. 


The  gas  is  one-fourth  heavier  than  air.  On  account  of  its  great 
solubility,  when  it  streams  into  the  air  it  condenses  atmospheric 
moisture  into  a  fog  (of  drops  of  hydrochloric  acid).    The  extreme 
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solubility  may  be  nbown  by  Slllitg  a  dry  flaak  (Fig.  64)  with  the 
giis.  Tbe  "dropper"  contains  wator,  and  is  closed  at  ihc  tip 
with  soft  wax.  A  drop  of  water,  txpt-llcd  by  pinching  the  "drop- 
per," dissolves  so  much  of  th»ga»  that  the  water  is  forced  in  by 
atmospheric  pressure,  like  a  fountain,  through  the 
longer  tube. 

Both  in  the  gaseous  and  liquefied  states  it  is  a  non> 
conductor  of  electricity.  Its  beat  of  solutiuu  is 
17,400  cftlorics  (p.  S5).  On  account  of  its  hi^h 
conceotration,  the  saturated,  aqueous  solution  may 
be  looked  upon  as  a  mixture  of  liquefied  hj'drogen 
chloride  and  w«t«r. 

WlieDtbe  concenfrotoJ  aqueous  solution  is  heated,  it 
it  the  gps  and  not  the  water  which  is  driven  out,  for 
the  most  port.  When  the  concentration  has  been 
reduced  to  20.2  per  cent,  the  rest  of  the  mixture 
distils  unchanged  at  110°.  This  occurs  because,  at 
this  oODceotration,  the  gas  is  carried  off  in  the  bubbles 
of  steam  io  the  same  proportion  in  which  it  is  present  in  the 
liquid.  If  a  dUvie  solution  is  used,  water  is  the  chief  product  of 
die<tillation  (about  100°),  but  gradually  the  boiling-point  rises  and, 
when  the  concentration  lias  reached  20.2  per  cent  once  more, 
tbe  aame  hydrochloric  acid  of  coDstant  boUlng-polnt  (110°  at  760 
mm.),  as  it  b  called,  forms  tbe  residue. 


Ftu.  M. 


Chemical  Properties.  —  Hydrogen  chloride  isejctremely  sialile, 
as  we  might  expect  from  the  vigor  with  which  the  elements  of  which 
it  is  compoeed  combine  (see  p.  IflO).  On  being  heated  to  a  tempera- 
ture  of  1800*,  however,  it  begina  to  diasociate  into  ita  constituents. 

In  tbe  chemical  point  of  view,  it  is  on  the  whole  rather  an  indif- 
ferent substance.  Hydrogen  chloride  (the  gas)  has  no  action  upon 
any  of  the  non-metjils,  such  as  phcmphorus,  carbon,  sulphur,  etc. 
Many  of  tbe  metals,  however,  particularly  the  more  active  ones, 
such  as  potassium,  sodium,  and  magnesium,  decompose  it.  Hy- 
drogen is  set  free,  and  the  chloride  of  the  metal  is  formed.  Tie 
equation  representing  the  weights  is  K  +  HCl  — »  KCl  +  H.  But 
the  molecular  formula  (p.  Ill)  of  hydrogen  is  Hi,  hence  the  cor^ 
rect  equation  is: 

2K-t-2HCI-.2Ka  +  H,. 
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Hydrogen  chloride  unites  directly  with  smmonuL  gas  to  form 
doud  of  solid  particks  of  anunonium  chloride  (HCI  +  NHj  — » 
NH.Ci). 

Ch^mieat  Froperties  qf  BydrocMoric  Acid.  —  The  solution 
of  hydrogi'u  chloride  in  wat«r  ia  an  rntirdy  different  Hub^tnnco  in 
its  chemical  behavior  from  hydi\>Ken  chloride.  It  Is  stronglj  ftcJd, 
tunuDj!  blue  lilniuR  red.  The  gas  and  liquefied  gas  have  no  xucli 
proparty.  T1>e  whition  oonduets  olMtricltT  very  well,  and  is  de- 
oocnpoaed  in  the  procem  (p.  iiS),  givbg  hydrogen  at  the  nega^tive 
wireattd  chlorine  at  the  positive  wine: 

2HC1  —  Hi  (neg.  wire)  +  CI,  (pos.  wire). 

The  gas  and  tlte  liquefie<I  gas  are  practically  nonconductors. 

Tl>e  mMAli  prweding  Iiydrogen  in  the  order  of  activity  (p.  60), 
when  introduced  into  hyiirochtoric  acid,  dlsplao*  tb«  hydrogva 
(p.  5fl),  and  ftmn  the  chloride  of  the  metal.  In  thu  citac  of  zinc 
the  action  was  represented  by  the  equation: 

Zn  +  2Ha-.ZnCU  +  H,. 

The  aqupouit  snlution  of  hydrogen  chloride  latwaeta  rapidly  wUIi 
must  oildu  uid  hrlroiidoaof  mstalx,  us,  for  example,  tliosc  of  zinc: 

ZnO  +  2Ha  -» ZuCU  +  H,0, 
Zn(OH),  +  2Ha  -♦  ZnCl.  +  2n^. 

Here  no  free  hydrogen  is  obtained,  since  the  oxygen  in  the  oxide, 
and  the  hydroxyl  in  the  hydroxide,  unite  with  it  to  form  water. 
In  Ottcb  cttflo,  however,  the  chloride  of  the  metal  \»  obtained.  It 
may  l>o  noted,  in  iKw^ing,  that  all  acids  behave  in  a  Hiiniltir  niiinner 
towanlx  oxides  and  hydroxides  of  metals,  giving  water  and  a  com- 
pound corresponding  to  the  chloride.  Dilute  sulphuric  acid,  for 
exwuplo,  gives  sulphates. 

Mmlv*  oj  Preparing  Cfiloridtv.  —  In  the  preceding  section 
three  kiiidn  of  actions,  each  com^tiluting  u  diffen>nt  mod*  of  pr»- 
paring  eUoridM,  have  been  mentioned  incidentally.  There  are 
two  others.  The  simplest  is  the  direct  union  of  tlie  element  with 
chlorine  (Zn  +  a,  --  ZnC'l,).  The  other  method  i;*  iilui<trated 
in  Ute  case  of  tlie  proci[Mtation  of  silver  chloride  by  adding  a  8olu> 
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tion  of  a  chloride  to  a  xolution  of  silver  uitriitc.  Hero  the  furiiiiv 
tiou  of  the  chloride  occurs  by  cxciumgc  of  another  radical  (p.  53) 
for  the  chloride  radical: 

AgNOi  +  NaCl  -» A«Cl  i  +  NaNOj. 

The  insoluble  cliloridos  (ace  p.  l&l)  can  be  made  conveniently  by 
this  plan.  The  formation  of  the  precipitates,  for  cxooiple  that  of 
silver  chloride^  is  used  as  a  tut  for  the  presence  of  a  soluble  clilo- 
ridt-  is  the  solution. 

E/m«  qf  Hydrochloric  Acid,  —  This  substance  is  used,  in 
Europe,  »a  a  couuiicreial  source  of  chlorine.  It  is  employed  in 
cleaning  nketiils,  uiid  in  the  manufacture  of  chlorides  of  metals. 
It  is  an  important  conipunent  of  the  gastric  juice  of  the  arlomacb, 
although  the  proportion  is  only  about  1  part  in  500. 

Previpttatton.  —  When  two  soluble  substances  are  dissolved, 
scparatdy,  and  the  solutions  are  mixed,  chemical  interaction  fre* 
quently  occurs,  as  in  the  case  of  salt  and  alver  nitrate  [see  also 
p.  143).  If  one  of  the  products  is  insoluble,  then  a  su|>ersntnriited 
BotutioD  of  this  product  is  at  once  produced.  As  a  rule,  this  sub- 
stance  almost  immediately  becomes  visible  as  a  fine  powder,  called 
a  pncipitattt,  sii.spended  in  the  liquid. 

The  insoluble  product  can  often  be  recognized  by  its  physical 
appearance,  and  so  this  sort  of  action  is  frequently  used  as  a 
test  for  one  of  tJie  original  substances.  Thus  many  precipitates 
have  a  distinctive  eolor.  Again,  precipitates  wluch  arc  colorless, 
or  have  the  same  color,  differ  in  ft[>iX'iirnnoe,  and  are  <l<!8cribed  as 
KBlatinous,  curd;,  pulv«nilant,  or crTrtoUlns.  In  the  first  two  coses, 
the  precipitation  Lt  so  sudilen  thai,  there  is  no  time  for  crystals  to 
be  forme<l,  and  the  product  is  amoipbous  (Gk.,  mlhmd  form). 
Thus  silver  chloride  is  curdy,  and  precipitated  sodium  chloride 
(p.  143)  13  crystaltine. 

Fourth  Varirty  nf  Chemtral  Change:  Double  Derompo- 
Hiliori. —  In  this  chapter  wc  encounter  for  the  first  time  the 
fourth  variety  of  chemieal  change.  Upon  examining  the  equa- 
tion for  the  action  of  sodium  chloride  and  silver  nitrate,  we  ace 
that  the  silver  nitrate  decomposed  into  it«  radicals  (Ag)  and  (NOj). 
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Tbe  sodium  clilondo  also  decompo«<e<I  into  it«  radicals  (Na)  t 
(CI).    The  (Ag)  ibea  united  with  the  (Q)  and  the  (Na)  with  th 
(NO,). 

AgNO,  +  Naa  -.  A«CI  +  NaNO* 

Since  lK>th  of  the  origioal  8ulK<tauov«  dcoompcMed,  ttiis  is  caHed 
double  daeomposition.     .\ii  e>:i:luuig(^'  of  radicals  occurred. 

The  action  by  which  hydrogen  chloride  was  prepared  (p.  142) 
belonged  to  the  same  class: 

NaCl  +  HHSO,-»NaHSO.  +  HCl. 

Double  decompoeitions  involving  acids,  bases,  and  salts  are  all 
reversible  reactions.  The  fact  that  many  of  them  proceed,  never- 
theless, to  practical  completion  baa  already  been  explainixl  at  length 
(pp.  142-144). 

The  Varieties  of  Otemicat  Change.  —  Most  chemical 
changes  belong  to  one  of  the  four  varioUes: 

1.  C:ombination,  e.g.,  Fe  +  S  -*  FeS. 

2.  Decomposition,  e.g.,  2KC10,  -» 2KC1  +  30i. 

3.  Displacement,  e.g.,  Zn  +  2UC[  —  H,  +  ZnCI,. 

4.  Double  Decomposition,  e.g.,  AgNOj  +  HO  -.  AgQ  +  HNOj. 
In  the  first,  2  (or  mon*)  Hubstaucos  give  1  substance. 

In  the  socontl,  1  substance  givo*  2  (or  rnore)  aubstances. 

In  the  third,  1  element  and  1  compound  give  1  element  and  1 
compound. 

In  the  fourth,  2  compoundH  givi;  2  coiii[X>uiids. 

Occasionally,  one  curiipouiid  gives  one  ((litTcri^nt)  compound,  a 
change  called  liit«maIrMUTiji««m«nt.  Nearly  all  chemical  changes, 
so  far  as  their  nuckanwm  is  coucerned,  can  be  classified  under 
one  or  other  of  these  five  kinds. 

A  dlssoctatlon  (p.  93)  is  both  a  combination  and  a  decomposi- 
tion, bccauBC!  it  lA  reversible.    For  example: 

2H^f±2H,  +  0,. 

ElActrolyaiB  is  decomposition  by  an  electric  current. 

The  foregoing  varieties  of  chemical  action  are  general,  and  not 
limited  to  any  classes  of  elements.  Oildatioti  (p.  33)  and  rvdua- 
tion  (p.  37)  are  so  limited.  Thus  combination  with  ox>-een  is 
oxidation,  while  combination  with  hydrogen  is  reduction.     A  more 
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complete  dratussion  of  action  of  iheae  classes  will  be  given  later 
(SCO  Chapter  XXJII). 

The  ri^advr  should  classify  oacb  action  mentioned  in  the  text, 
end  80  become  familiar  with  the  chemical  point  of  view  which  thil 
claaufication  represents. 

Sattg.  —  We  have  seen  that  an  acid  contains  hydrogen  H  as 
a  radical  (p.  52),  and  a  base  contaimt  thv  nidicul  h.^droxyl  OH 
(p.  91).  The  name  laltf  is  given  to  the  eliuw  of  suljetancca  which 
contain  n  |XK«itivc  aii<l  a  negittive  radical,  ndthar  of  which  is  b;dro- 
(•n  nor  hTdroxjl.  For  exiiiuple,  NftCl,  NajSOt,  /VgNOj  an:  the 
forniulie  of  salUs.  Salts  are  so  named  because  they  ifMeiublc 
common  salt  in  having  two  radicals,  and  entering  readily  into 
double  decomposition. 

Soditmi-hydrogt^n  sulphate  NaHSOt  is  classed  as  an  add  nit. 
becaufle  it  lia.'*  a  positive  and  a  negivtive  radical,  and  a  hydrogen 
radical  in  addition. 

Calculationb 

Familiarity  with  the  inteiTf^tation  of  mol«cuIar  aquatioiu  is 
brat  obtained  by  making  tsimple  calculations  ba»ed  upon  their 
common  uses  in  chemistry.  ^h 

IF^ghtg.  —  When  a  problem  in  regard  to  waigbt*  of  nuteiut' 
used  or  produced  in  a  given  action  is  to  be  solved,  the  molecular 
equation  is  to  be  written  and  the  weights  inserted  beneath  tlic 
formula.  The  mode  of  calculation  has  been  described  already 
(pp.67,  116). 


W^eti-hta  and  yolumea,  — When  a  problem  invoKnng  wal(hts 
and  Totumes  is  to  be  solved,  the  molerular  erjuation  is  to  lie  ivrittvii, 
and  both  the  weights  and  volumes  are  to  be  inserted.  Note,  bow- 
ever,  that  only  the  volumes  of  the  substanccA  m  Oie  gateom  eondt- 
tion  are  considered. 

For  example,  what  volume  of  oxygen  is  obtained  from  60  g.  of 
potafisium  chlorate?  The  molecular  equation,  made  as  already 
described  (p.  116),  together  with  the  full  interpretation,  are  aa 
follows: 
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Wnoan:  J~ 


2KC10, 

(39-1  4-  35.46  +  48) 

245.1k. 


2KCI  +    30i. 

2(30-1  +35.Wi  3X32 

140.1  £.  BBg. 

3X».4L 


Observe  that  no  volumes  are  ^veii  under  the  chlorate  ajid  t-hlo- 
ride  of  potaaaium.  Tliis  is  because  their  volumes  io  the  gaeeoua 
ODudition  can  be  of  no  pmcticaJ  uae,  since  they  are  solids  which  are 
melted,  but  not  vaporized  duruig  this,  or  any  action  in  which  wo 
employ  them.  Now,  as  to  the  problem  in  hand,  it  is  concerned 
with  a  weight  of  potassdum  chlorate  and  a  volume  of  oxygen. 
Reading  from  the  equation,  our  information  on  these  points  is 
Uiat  M5.1  g.  of  potassium  chlorate  ^ve  67.2  liters  (observe  thiit 
the  co^ffidentu  are  used,  as  well  us  the  molecular  weights,  in  thcjw 
numbers)  of  oxygen  at  0°  and  760  mm.,  and  the  question  is;  WTmt 
volume  will  60  g.  give?  Byproportion,  245.1  g.:  67.21.  ;:  60g.:il., 
idiere  x  =  16.45  liters.  If  a  different  temperature  and  pressure 
tud  I>een  speeiGed,  either  the  volume  in  the  etjuation,  or  the  an- 
swer, would  have  had  to  be  converted,  by  rule,  to  the  given  condi- 
tions. 

It  save*  time  not  to  write  out,  as  above,  the  whole  interpreta- 
tion, but  only  the  parts  required.  For  example,  if  the  question 
U:  What  volume  of  chlorine  is  needed  to  give  25  g.  of  aluminium 
chloride?  w«  may,  if  we  choose,  omit  all  the  data  excepting  the 
volume  of  the  chlorine  and  the  weight  of  the  aluminium  chloride, 
thua: 

2A1  +      3CI,       —      2AICU 
3X23.4  1.  axi3^.&g. 

T\w  volume  of  clilorinc  required  i»  25  x  3  X  22.4  -^  {2  X  133.5) 
liters.  These  illuRtraliou8  uhow  the  method  of  culculatiug  actual 
volunieii  (see  Exercises  1,  2). 

Relative  t'oliimes  Atone.  —  If  the  question  coucenis  rvlAtin 
TOlumes  only,  tlien  it  is  mni|>li'.-<t  to  use  the  iiitcrpR'tatiou  of  the 
equation  in  t.ernis  of  nuilei-ukw.  For  example:  What  relative 
volumes  of  hydrogen  chloride  mid  oxygen  ure  Rrquinnl  iu  Dcjtcon'* 
process  (see  p.  15.0)?    The  moIpcuLir  etjuation  is 
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4HCI  +  a- 
4  I 


.2H,0  +  2CI,. 
2  3 
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^^^H^M^Iv^urabers  of  mokculcs  of  gfvxs  occupy  ccjuiil  volumes, 
thv  propurtiou  4  molccul«s  of  hydrugcu  cliloridc  to  1  molecule  of 
oxygt'ii  show's  tho  mtio  to  be  4  :  1  Ijy  volimw'.  Similarly,  cvcrj-  4 
iiio1ltu1i«  of  hydrogen  chloride  give  2  mok-culcs  of  chloriut-,  so  tlmt 
the  ratio  of  theiie  siibstaDccs  by  volume  is  4:  2,  or  2  :  1. 

Ill  rcgiinl  to  th«  water,  8iiio«  that  it«  tiot  a  gnn  at  couiiiiod  tein- 

pcnitun-s,  the  (lueation,  if  a^ikcd,  must  be  more  specific:  What  iirc 

tlie  rfilative  volmpes  of  steam  and  chlorine  in  the  product,  as  coni- 

inoaly  delivered  hy  this  aetiou  ai  400"?    It  is  2  : 2,  or  1  :  1. 

What  are  tlie  relatJvu  volumes  of  water  and  chlorine,  after  the 

pruducte  have  cooled  ti>  rooin  tem[>erature?     The  water  is  no 

^Jonger  a  gas,  so  that  it  occupies,  relatively,  almait  no  volume,* 

Hf  What  is  the  total  volume-chungo  in  the  foref^ing  action  almve 

^lOO*?     It  is  a  chimEP  from  5  molcciiiwi  to  4.     The  volume  changes 

in  th^samc  ratio.     But  at  0°  the  voluine-chaiige  is  from  5  volumes 

to  2,  for  the  wat«.T  docs  not  iippreciably  add  to  the  volume  of  the 

products  (sec'  ExerciMM  3,  4). 

Relatit:«  Vohimtftt  Again.  —  When  we  know  the  molecular 
foi-muhc  of  the  »iiig[c  substances  concerned  in  an  nelioii,  the  equa- 
tion can  be  n)ade,  and  th«  r«UUva  volumes  det«rmInod,  without 
kUuI  nuBsurement.  l-'or  example:  What  volume-eliaugt^^  will  bo 
obser\-ed  when  a  mixture  of  carbon  monoxide  and  oxygen  has  ex- 
ploded, iLiid  the  t,<>mpeiatiire  has  once  more  reached  that  of  the 
room?  The  molecular  fonnuhe  are  C'O,  0),  and  COi-  Tlie  egiia- 
tiiiu  representing  tht*  weights  is  CO  +  O  — •  COt-  The  molecule 
of  oxygen,  however,  iwing  Oj,  we  cannot  employ  leas  than  this 
,tity  in  a  molecular  equation,  so  that  the  equation  becomes: 

2CO-|-0,->2CO,.  I 

Tbr«e  molecules,  therefore,  give  two,  throughout  the  whole  mass, 
and  theri'fore  three  volumes  will  Ijrcome  two,  if  the  pressun-  imd 
leiQperature  ivre  the  same  at  the  Winning  and  end  of  the  action. 

'  Of  coimc  if  lui  exact  nimwer  must  be  giveii,  it  onn  be  givrn.  But  for 
llib  wt  rMiuiro  the  wdghi  and  eiK«ifui  gravity  of  the  product.  Tlius,  2U^ 
rqinMaila  2  X  18  )[.  of  walvr.  The  sp.  fct.  of  watw  U  I.  ThiTrcfori!  the 
vfrfuiiie  ol  nnU*  forninl  U  3ft  e.c.  The  volumr  of  2CA,  w  2  X  22-4,  or  44.8 
lit(n«  at  0".  The  ratio  of  wswr  to  chlorine  by  voIudi«  at  0'  it  therefore  36: 
44,800.  But,  IM  n  rule,  we  nmply  icive  itii-  vutumet  of  wiliiLi  mid  liquids  gu 
anoparvd  with  thoM*  of  the  guts  DoncRmixl  in  the  sune  aclioQ. 


I 


162 


COLLEOB    CEIEKISTKT 


If  we  remember  th&t  ail  volatile  compounds  of  carbon  and 
hydrogen  bum  to  fonn  water  mid  oirbori  dioxide,  the  molecular 
equation  for  any  such  combustion  iwty  eiisily  be  mude,  and  the 
volumes  of  all  the  materials  iisct^rtained.  When  water  is  a  product, 
only  its  volume  as  steam  is  given  by  the  equation  (see  Exercises 
4,5). 

Relativ0  Deruntitn  of  Gwtea.  —  Knowing  by  heart  the  molec- 
ular formuls  of  gaseous  subatances,  an  we  must  know  them  for 
many  purposes,  it  is  uiineoessftry  to  burden  our  minds  with  other 
data  in  regard  to  Ui«  rtUUva  welslU*  "t  gMM-  Is  hydrogen  chloride 
(HCl)  heavier  or  lighu-r  than  carbon  dioxide  (COt)?  These  for- 
mulierepresentthe  weights  of  equal  volumes  (22.41.),  namely,  3li.4C 
g.  and  44  g.,  respectively.     Hence  the  former  gaa  is  a  little  Hgliter. 

Remembering  that  the  G.M.V.  of  air  weighs  28.055  g.  (Table, 
p.  101),  we  can  compare  the  weight  of  any  gas  with  that  of  air  in 
the  same  way.  What  are  the  relative  weights  of  acetylene  (C»Hj, 
p.  105]  and  sulphur  dioxide  (SOi)  as  compared  with  air?  The 
G.M.V,  cube  holds  formula-weights  of  the  first  two,  namely  26  g. 
and  64  g.,  and  28.955  g.  of  air.  Hence  acetylene  is  a  little  lighter 
than  air,  anil  aulphur  dioxide  more  than  twice  aa  heavy  (see 
Exercise  6). 

Exercisea.  —  1,  What  volume  of  oxygen  at  10°  and  760  mm.  Is 
obt^iiiblc  by  heating  50  g.  of  [wtassium  chlorate  (pp.  116,  150)7 

2.  What  volume  of  oxygen  at  20°  and  760  mm,  is  n^quircd  to 
convert  16  g.  of  iron  into  dehydrated  rust  (Fe»0»)  {p.  150)? 

3.  Write  out  the  molecular  equations  for  the  interactions  of 
methane  and  chlorine  giving  CUaCl;  and  for  the  burning  of 
phosphorus  (vapor)  in  oxygen  (p.  105).  Deduce  the  volume  re- 
lations of  the  initial  subatanceB,  and  of  the  products,  at  various 
temperatures  in  each  case. 

4.  Write  out  the  molecular  equations  for  the  interactions  of 
acetylene  and  oxygen  (p.  105),  and  of  aloohol  vapor  (b--p-  7S°)  and 
oxygen.  Deduce  the  volume  relations  of  the  initial  substances  and 
of  the  products  at  0'  and  at  100°  in  each  case. 

5.  The  molecular  weight  of  cyanogen  is  52.08.  What  is  its  den- 
sity referred  to  air,  and  what  the  weight  of  1 1.  at  0°  and  760  mm.? 
It  contains  46.08  per  cent  carbon  and  S3.92  per  cent  nitrogen. 
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What  is  the  formula  <A  the  substance  (p.  45)?  Ex^doded  with 
oxyg/sa  it  forms  carbon  diimde  and  free  nitn^en.  What  will  be 
the  relative  volumes  of  the  materials  before  and  after  the  inter* 
action  (p.  161?) 

6.  What  are  the  relative  weights  of  equal  volumes  of  hydr(^;eQ 
sulphide  (HjS),  and  hydn^en  iodide  (HI),  compared  with  air 
(p.  152)? 


CHAPTER  Xn 

CHLORm 

CnLORiffK  was  filrt  recognined  as  a  distinrt  aulipiance  by  Scheele 
(1774).  He  obtained  it  frojii  salt  by  meant;  of  manganese  dioxide, 
UBing  the  method  described  below.  It  was  supposed  to  be  a  com- 
pounfl  eontaining  oxygen  until  Davy  (180^1818)  domoostratcd 

that  it  was  an  element. 

Occurrence.  —  Chlorirw!  doCM  not  occur  free  in  nature.  There 
are,  however,  many  compounds  of  it  to  be  found  in  the  mineral 
kiiiKdom.  Sea-water  contains  a  number  of  chlorides;  in  solution. 
Of  the  3.6  per  cent  of  solid  muttfr  in  sea-water,  nearly  2.8%  is 
sodium  chloride  NnCl.  During  past  geological  ages  the  evapora- 
tion of  so!v-wiilcr  has  led  to  the  foriniition  of  iiiunense  depofiitj*  of 
the  compomids  usually  found  in  such  water.  Thus,  at  Stassfurl, 
such  strata  attain  a  thickness  uf  over  a  ttiousund  feet.  Certain 
layers  of  these  strata  are  comiMsi^d  iwiinly  of  sodium  chlori<lc 
(rock  salt).  In  other  layer*  potiissium  chloride  (sylvite),  an  in- 
dispensable ferlihzer,  and  other  eumpouuds  of  chlorine,  occur. 

Prepamtion.  —  Chlorine  cannot  be  obtained  with  the  same 
ease  as  oxygon.  Tlien^  arc  only  n  few  chlorides,  such  sis  ihtmy  of 
gold  and  platinum,  which  lose  chlorine  when  hcRtod,  and  they  are 
too  expensive  or  difficult  to  make  for  laboratory  use.  We  emiiloy 
therefore  methods*  like  tiiose  used  for  the  prepamtion  of  hydrogen 
(cf.  p.  53).  Vie  may  (1)  decompose  any  chioride  by  means  of 
electricity,  just  aa,  to  get  hydrogen,  we  eleclrylyzed  a  di]iil,e  acid 
(p.  55).  Or  (2)  we  may  take  some  iupjc [tensive  compound  of 
chlorine,  such  as  hy<irogeji  chIori<le  (HCl),  and  by  means  of  some 
simple  substance  which  is  capable  of  uniting  with  the  other  con- 
stituent —  here  oxygen  9er\'ee  the  purpose  —  secure  the  lilwration 
of  the  elempjit.  Or  (3)  —  and  this  turns  out  to  be  the  most  con- 
venient laboratory  method  —  we  may  use  a  more  complex  action. 


I 
I 


155 


^^^1  CBLOmKE 

^P  Etectrotyma  of  Chlorides.  —  Hydrogen  chloride  and  tbow^ 
chlorides  of  metals  which  are  Bohible  in  water  are  all  dt'composed 
when  a  current  of  electricity  is  passed  through  the  aqueous  solu- 
tion. They  >neld  chlorine  at  the  positive  electrode.  The  other 
constituent,  the  hydrogen  (Fig.  65),  manganese,  or  whatever  it  may 
be,  is  liberated  at  the  negative 
wire,  ^ce  the  chlorine  is  solu- 
ble in  water,  the  effen'escence 
due  to  its  release  is  not  notice- 
able until  the  liquid  round  the 
electrode  has  become  saturated 
with  the  gas:  Clj  (dslvd)  ^  C'ii 
(gas).  The  shape  of  the  ajipa- 
ratus  keeps  the  two  protlucts 
from  mingling.  The  presence 
of  the  chlorine  in  the  liquid  at 
the  positive  end  may  l>e  shown 
by  a  suitable  test  (p.  161). 

In  commerce  chlorine  is  now 
obtained  chiefly  by  this  method, 
sodium  chloride  or  potassium 
cMoride  being  the  source  of  the  (element.  Electrodes  of  artificial 
graphite  arc  used,  as  most  other  conductors  unite  witJi  the 
chlorine.  The  potassium  or  scxUum,  as  the  case  may  be, 
travek  towards  the  negative  electrode,  but  is  not  liberated. 
Instead,  potaauum  or  sodium  hydroxide  {q.v.)  accumulates  in 
the  solution  round  the  plate  an<i  hydrogen  eecapes.  The  chlo- 
rine is  released  at  the  positive  electrode,  as  usual.  The  hydro- 
ISeD,  the  hydroxide  and  the  chlorine  all  find  commercial  applica- 
tions. The  chlorine  is  either  liquefied  by  compression  in  steel 
cylmdera  or  ts  emplo>'ed  at  once  for  making  bleaching  powder 
(see  index). 


Fid.  ». 


I" 


Actiott  of  Free  Oxygen  on  Chlorides,  —  Sodium  chloride  is 
cheapest  source  of  cliloruie,;but  oxygen  does  not  interact  with . 

even  at  a  high  temperature.     By  treating  the  sodium  chloridd 
«-ith  sulphuric  acid,  therefore,  the  chlorine  is  first  transferred  into 
combination  with  the   hydrogen   of  the  acid,   giving  hydrogeoj 
chloride  (p.  141).    In  order  to  liberate  cbiorioe  from  the  hydro^] 
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chloride,  we  may  then  combine  the  hydrogco  with  oxygen  obtained 
from  the  air. 


Skeleton: 

Balanced: 

Molecular: 


HCI  +  O ; 
2Ba  +  O 
4HC1  +  0, 


tH,0  +  a. 
f  H,0  +  2Ci. 
'-  2H,0  +  2C1». 


I 


The  two  gaM»  interact  so  slowly,  however,  that  a  contart  agent 
miist  Ix;  employed.  The  mixture  of  air  and  hydrogen  chloride  i» 
pa90cd  over  pieces  of  liwited  ptmiice-etone  (Vig.  66)  or  broken 
brick  previouely  saturated  with  cupric  chloride  solution.  A  tem- 
perature of  about  370*  ia  used, 
J^MTT  "mi  iiwiiaMfc  I  ^7^=*  Furthermore,  the  action  is  re- 
versible (road  the  equation 
backwards)  and  equilibrium  is 
reached  when  80  per  ecnt  of  the  hydrogen  chloride  has  been 
decomposed.  Heucu  20  [kt  cent  of  this  gas  passes  on  unchanged. 
Only  80  per  cent  uf  the  hydrogen  cliloride  and  oxygen  are  changed 
into  steam  and  chlorine,  because  the  latter  substances  arc  continu- 
ously interacting  to  reproduce  hydri^cn  cidoridc  and  oxygen.  If 
one  Bulretiinee  could  Ijc  separated  (p.  143)  from  the  other,  to  pro- 
vent  the  backward  aetiou,  the  yield  would  Ix-  raised  to  100  per 
cent.  In  the  product,  tlie  chlorine  is  uiixed  with  steam  and  with  a 
very  large  volume  of  nitrogen  which  entered  with  the  oxygen,  as  ■ 
well  as  with  unused  hydrogen  chloride,  so  that,  for  makyig  the  * 
pure  sulslanoe,  this  method  (Dsmoh'i  procsH)  is  ciuite  unsuitable. 
Bleaching  powder,  however,  can  Ix-  matle  by  its  means.  M 

The  relative  volumes  in  this  reaction  (sec  p.  150)  are  indicated   " 
by  the  numl»ers  of  molecules  in  the  equation.    Four  volumes  of 
hydrogen  chloride  and  one  volume  of  oxygen  give  two  voIumcB  of 
Steam  and  two  volumes  of  chlorine. 

Tlie  Above  action  is  spoken  of  as  an  oxidation.  It  is  true  that 
no  oxygen  is  actually  introduced  into  the  hydrogen  chloride  as 
a  whole.  The  removal  of  hj'drogen  from  combination  with  the 
chlorine  is,  however,  the  first  step  towards  the  introduction  of 
oxygen  into  combination  with  the  latter,  and  is  essentially  an 
oxidation. 

Action  qf  Combinod  Oxygen  upon  Chtoridea.  —  The  best 
laboratory  method  for  makintj  chlorine  _ie  to  place  some  solid 
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Fib.  67. 


potanum  permanganate  in  a  flaak,  arransed  tike  that  in  Hi;.  67. 
Concentrated  hydrochloric  acid  (an  aqueoua  solution  of  hydrogen 
chloride),  diluted  with  one- 
third  of  its  volume  of  water, 
is  allowed  to  fall  upon  the  com- 
pound drop  by  drop  from  the 
dropping  funnel.  The  action 
is  very  rapid,  the  acid  is  ex- 
liausted  almost  as  fast  as  it 
falls,  and  ao  the  stream  of  gas 
can  be  stopped  by  simply  clos- 
ing the  stopcock.  The  gas 
in  paiwed  through  a  washing 
bottle  containing  water,  in 
order  to  remove  any  hydrogen 
chloride  which  may  be  carried 
over.  It  may  bo  dried,  if 
oecesHary,  in  a  second  washing  bottle  containing  concentrated 
'sulphuric  acid.  It  cannot  be  collected  over  water  on  account  of 
its  solubility,  so  that  jura  ar«  usually  filled  with  it  by  upward 
displacement  of  air. 

Skeleton:     KMnO,  -H  HO  -» HaO  -|-  KQ  +  MnO,  +  d. 

The  O*,  Being  all  converted  into  water,  requires  8H,  and  therefore 
8HC1,  for  ihe  action.  The  two  metals,  potaasium  and  manganese, 
give  their  respective  chlorides,  KCl  and  MnClj.  This  uaes  301,  and 
beoce  6C1  remains  over  to  be  liberated: 

Balanced:       KMnO,  -|-  SHCl  ->  4H,0  +  KCI  +  MnCI,  +  50. 
Molecular:  2KMn04  +  16HCI  -•  8H,0  -f-  2KC1  +  2MnCU  +  SCit- 

The  combined  ox>'gen  of  the  permanganate  has  oxidized  the  hj'dro- 
gen  chloride,  juet  as  did  the  free  oxygen  in  Deacon's  process. 

Othfr  Means  qf  Oxidmng  Hydrogen  Chloride.  —  Many 
other  compounds  of  oxygen  with  nictulH  interact  with  hydro- 
chloric acid  to  pvc  free  chlorine.  Lead  dioxide  PbOj,  potassium 
chlorate  KClOi,  potasuum  (^chromato  KtCriOi,  and  manganeae 
dioxide  MnO,,  are  of  this  nature.  The  Jiu«t,  beinK  inexpensive,  is 
coounonly  used  io  making  chlorine.    Being  an  insoluble  substance, 
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however,  the  inuigaiicse  t&aide  acts  much  more  slowly  Uiao  doe« 
the  potaaauia  permaoguiate,  which  is  xolubk.  A  litrgo  uiuuunt  uS 
the  materials,  and  the  aid  of  heat,  are  required  to  sccun:  a  rapid 
stream  of  chlorine. 


Mangane»e  Dioxide  anH  Hydrogen  Chloride.  —  The  acUoo 

of  maiigiiiR-se  dioxklc  u[X)q  hydrocliloric  acid  is  an  iiistruclivc  one. 
It  is  a  ffanenl  rul«,  of  which  no  «[uill  rncct  man^'  applinitions,  that 
whan  ftn  aokl  inUraeta  with  an  oxide  of  a  m«tal,  there  arc  two  oon- 
ctitiii  fralum-*  ill  l\w  rf-'<iitt,  iiarncly:  (1)  The  axjgen  of  the  oilde 
combinM  with  the  hrdr^gen  of  the  add  to  form  wMer,  .-iiid  (2)  the 
metal  of  the  oxide  combines  with  the  add  radical  of  the  add  accord- 
ing to  the  viUcu«:(v4  uf  imhU.  Here  ttie  iikeleton  equation  slwuld  be 
MnO,  +  Ha  —  H^  +  MnCU.  WUi  O,.  to  form  water.  -IHCI  is 
required,  and  the  product  is  2HiO.     Hence  the  equation  is 

Balanced:  MnO,  +  4HC1  -^  2H,0  +  MnCl*. 

This  is  what  huppcnn  in  the  firet  pliu'c.  The  products  iLCtuidly 
obtaiucd,  however,  arc  water,  mangnnous  chlori<lo  MnClj  and 
etdorinc.  The  manganeee  tetrachloride  eun  be  preserved  by  cool- 
ing the  mixture.  It  is  decomposed  by  the  heating,  the  chlorine 
escapes,  and  the  other  two  products  remain  in  the  vessd. 

MnO,  +  4Ha  -*  2H^  +  MnCli  +  Cl«.  (1) 

We  owe  tlie  chlorine  to  the  fart  that  the  tetrachloride  is  unstable. 
If  we  had  used  manganous  oxide  MnO,  we  should  have  had  a 
double  decomposition; 

MnO  +  2HC1  —  H,0  +  MnCl,,  (2) 

but  we  should  have  got  no  chlorine.  Perhaps  the  simplest  way  to 
describe  the  diffeience  between  these  two  actions  is  in  t^-rins  of  the 
valence  of  the  manganese.  In  Mn^O,**  the  element  is  quadriva- 
lent. This  means  that  its  atomic  weight  professes  to  be  able  to 
hold  four  atomic  weights  of  a  univalent  element.  The  four  valences 
of  oxj'gen  (20")  can  do  the  same  thing.  In  equation  (1)  the 
oxyRen  fulfils  this  promise  by  taking  4H'.  But  the  Mn'^  can  bold 
only  2C1',  permanently,  and  lets  the  other  2C1'  go  free.  In  other 
words,  the  roJen«  of  the  atomic  weight  of  ma«{fan«se  changes  in  the 
courae  of  the  action.  In  equation  (2),  on  the  other  hand,  the 
jnangmeae  i»  bivalent  to  start  with  (Mn"0"),  and  is  able  to  retain 
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fie  amouut  of  cbluriiic  (2C1')  equivalent  to  O".    Actions  like  that 
'  mnngaiiciiic  dioxide  iu  (1)  are  clasBcti  a«  oxidations.    Tlie  hydro- 
'  feei)  chloride,  or  rathor  half  of  it,  is  oxii^scd.    A  graphic  mode  of 
writing  ma^'  make  this  remark  clenrer: 


Mn'' 


^ 


^O  +  2Ha  —  H*0  +  Mn"CI, 
0  +  2HC1  —  H,0  +  CU 


I 

I 


The  tipper  half  is  a  double  deoompositioR,  the  lower  an  oxi<iation 
by  half  thp  ronibined  oxygpn  of  the  dioxide.  The  name  explana- 
tion apphes  to  the  interaction  of  lead  dioxide  with  hydrochloric 
acid. 

Physical  Proper tiea, — Chlorine  differs  from  the  gaaes  we 
have  encountered  ho  far  in  havin|;  a  strong  greenish-yellow  tint, 
a  fact  which  Rave  jiae  to  its  name  (Ok,,  p<Je  green),  and  having  a 
powerful,  irritating  effect  upon  the  membranes  of  the  nose  and 
throat. 


DeMity(H-ll,85.7«. 
Wcightof22.fl.,  72.13  b. 
Sol'ly  in  Ati  {20°).  215  vol*,  m  100. 
Crit.  temp.,  +i«". 


Btdliiig^Mbit  (IIq.),-83.6''. 
MdUng-point  (nlid),  -102*. 
Vap,  twwion  fliq,)  C.  $M  fttmos. 
Vap.  tciuiiiu  (liq.)  20°,  6.fl2  atmoK. 


Since  the  G.M.V.  of  air  weighs  28.95  g.,  chlorine  is  two  and  a  half 
times  heavier.  In  aoUibility  it  stantb  botweeai  sli^itly  soluble 
g&m«,  like  oxj-gen  and  hydrogen,  and  those  whioh  are  extremely 
soluble.    It  can  be  collected  over  hot  water  or  a  strong  solution  of 

,lt. 

Chlorine  was  first  liquefied  by  Northmore  (1806).  It  forms  a 
yellow  liquid  which,  contained  in  steel  cylinders  lined  with  lead, 
j       is  now  an  urticie  of  commerce.     On  being  cooled  below  —102*,  it 

I  gives  a  pale-yellow  solid. 
r  In  recalling  the  physical  properties  of  a  gna,  re-member  that  m 
\p.  31)  are  required:  color,  taste,  odor,  denaty,  eolubility,  liqu©. 
fiability. 
Chemical  Propertte».  —  Chlorine  is  at  least  as  active  s  sub- 
Btance  us  is  oxygen.  It  presents  a  more  varied  array  of  chemical 
properties  than  docs  that  element.  The  binary  compounds  are 
lied  chloridoh 
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Comhinem  irith  Metals.^  Powdered  antimony  (cold),  when 
thrown  iiito  olilorine,  unites  with  it  Ui  form  the  chloride  SbCl* 
which  appears  partly  aa  vapor  and  partly  oh  glowijig  particles. 

BaUtJUxd:  Sb  +  3C1  -»  SbCU- 

MoUcular:  2Sb  +  3CI)  —  2SbCti. 

Coppt'F,  in  the  condition  of  thin  leaf  coaimonly  used  for  gilding 
(Dutch-metal),  catches  fire  when  thruot  into  the  gas,  giving  a  fog 
of  8olid  cupric  chloride  ("uQ).  Sodium  burns  brUUantly,  giving 
a  cloud  of  »o<tiuiR  chloride.  The  union  of  a  metal  like  soiUuin 
and  s  colored,  irritating  gas  to  give  a  mild  household  article,  bke 
common  salt,  illustrates  the  extraordinary  nature  of  chemical 
change.  Alt  the  fanuliar  metalB,  with  the  exceptions  of  gold  and 
platinum,  combine  readily  with  chlorine. 

When  metals  {like  copper  and  iron)  and  chlorine  are  first  thor- 
oughly freed  from  moisture,  combination  no  Jonger  occurs.  A 
trace  of  water  is  required  in  these,  as  it  is  in  many  other  chemical 
actions,  as  a  contact  agent.  Hence,  the  chlorine,  before  being 
compressed  into  steel  cylinders,  must  be  freed  entirely  from  water 
vapor  (sec  Detinning). 

Combines  with  Hydrogen.  —  A  jet  of  hydrogen  burns 
vigorouslj'  in  chloriiio,  producing  hydrogen  chloride  HCl,  The 
union  of  the  gft.se.i,  when  a  mixture  of  them  is  kept  cold  and  in  the 
dark,  is  too  slow  to  i>e  perceived.  On  exposure  to  diffused  light, 
howe\'er,  they  unite  slowly,  while  a  sudden  flash  of  sutdight  or  the 
burning  of  a  miignesium  ribbon  causes  instant  explosion.  The 
effect  of  the  light  in  cataljlic. 

Intfractit     tcith     Compoiindu     Containini;    Hydrogen. — 

Whi-n  a  lighted  taper  is  plunged  into  chlorine  it  continues  to  bum, 
but  a  dense  cloud  of  soot  (free  carbon)  risen  from  the  R&me.  Blow- 
ing the  breath  into  the  jar  then  gives  the  fog  which  shows  the 
presence  of  hydrogen  chloride.  Thus  the  presence  of  hydrogen 
and  carbon  in  the  wax  is  proved.  We  learn,  also,  that  chlorine 
has  little  tendency  to  combine  with  carbon,  for  this  element  goes 
free.  A  few  <irops  of  warm  turpentine,  poured  upon  a  strip  of 
paper,  when  jjlaced  in  chlorine  give  a  violent  reaction  and  a  cloud 
of  finely  divided  carbon  bursts  forth. 

CioHj.  +  8CU  -» lena  +  loc. 
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ElemenU  Diaplactid  by  Chlorine.  —  The  action  on  turpen- 
tine is  a  di><plsceincnt  of  the  <.-Arlx)u  by  the  chlorine.  Of  the  same 
nature  i»  Uie  action  of  chluriuo  upon  potaioduin  iodide  KI,  dry  or 
in  solution. 

2KI  +  CU  -*  2KC1  +  U 


k 


The  iodine,  when  moist,  is  deep  brown  in  color.  A  mere  trace  of 
chlorine,  liberating  a  trace  of  iodine,  gives  no  visible  effeet.  But 
if  »unie  stareh  ia  prc;scQt,  even  a  trace  of  free  iodine  yields  a  deep 
blue  color.  This  reaction  is  used  as  a  test  for  chlorine,  for  free 
iodine  from  any  source,  and  for  starch  (p.  3).  To  test  for  chlorine, 
Aripe  of  filter  paper,  dipped  in  starch  emulsion  (starch  boiled  with 
mucli  water  and  cooled)  to  which  a  few  drops  of  potassium  iodide 
have  been  added,  arc  used.  Cwrtbined  iodine,  as  in  potassium 
iodide,  has  no  effect  upon  starch.  Combined  chlorine,  as  in 
sodium  chloriile.  Ims  no  action  upon  the  prepaml  strips  of  paper  — 
free  chlorine  is  re<iuired. 


Action  Upon  ff'aler.  —  Wc  have  seen  that  chlorine  seizes  the 
hydn^-n  in  turpentine.  We  have  also  learned  that  it  combines 
with  the  hydrogen  in  steam,  reverHing  Deacon's  process  to  the 
extent  of  20  per  cent.  It  also  acts  upon  cold  wator,  when  dissolved 
iu  the  latter,  although  in  a  similarly  incomplete  way.  The  sub- 
Stances  formed  are  hydrochloric  actd  and  hypochloroua  add  HCIO: 

H,0  +  CI.^HCI-|-HC10. 

With  half-Haturated  chlorine-wateT  at  10°  —  that  is,  water  con- 
taining an  equal  volume  of  chlorine  gas  —  33  per  cent  of  the 
chlorine  is  changed  into  the  acids.  Thus,  chlorine-water  (the 
solution)  b  a  mixture  containing  dissolved  chlorine  and  two  acids. 
Uj'pochlorous  acid  (i}.i'.]  is  of  especial  interest  because  it  is  a  very 
active  substance,  with  powerful  oxidizing  qualitiea,  and  bleaches 
dyes  by  decomposing  them. 

The  action  comes  to  a  standstill  when  one-third  completed, 
because  the  (wo  acids  interact  to  reproduce  chlorine  and  water 
_(read  the  equation  backwards).     The  action  is  reversible.     When 
be  solution  is  exposed  to  sunlight,  the  bj-pochlorous  acid  decom- 
I  and  CHCj^u  gas  is  liberated  and  escapes: 

2HC10-»2Ha  +  0,T. 
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Since  this  removes  the  hypochloroiLi  aoid,  on  whooe  interaction 
with  the  hydrogen  chloride  the  reverse  action  depejida,  the  for- 
ward action  proceeds  under  continuous  iUumiriatUm  jjjaduall.v  to 
completion.  Hence  the  aqueous  aoliition  of  chlorine  must  be  kept 
in  the  dark,  since  otherwise,  after  a  time,  a  dilute  solution  of 
hydrogen  chloride  alone  remains. 

The  reader  should  note  here  the  displacement  of  the  equilibrium, 
a  uhcimiciil  one  iii  this  case,  in  consequence  of  the  annulment  of  one 
of  the  oppoeiiig  tendencies  (p.  90).  Through  the  dentruction  of 
the  hypochlorous  acid,  one  of  the  tendencies,  namely  that  repnv 
sent«d  ill  the  backward  actioDj  bi-eonies  inoixrative.  The  for- 
wiird  action  is  not  itself  lusistvd,  but  it  hs  no  longer  impcdcil,  an<i 
80  procwxis  to  completion. 

Artion  by  Substitution.  —  When  notions  like  that  on  tur- 
pentine —  thill  1.1!  on  coiii|K)UiitU<  cuiitaining  carbon  and  hydrogen 
—  Bre  moderated  by  altering  the  conditions,  the  d*!com|Keition 
Ls  not  8a  complete.  Using  a  lower  temperature  is  efTective.  Thus, 
if  methane  ("H^  (marsh-gas),  the  chief  com|>oncnt  of  natural  gas, 
is  mixed  with  chlorine  and  exjioaed  to  aimlight,  a  slower  action 
occurs,  of  which  the  first  stage  consists  in  the  removal  of  one  unit 
weight  of  hydrogen  and  the  subBtitutlon  of  chlorine  for  It  according 
to  the  following  equation: 

CH4  +  CI,  —  CHjCT  +  HCI. 

The  proc&ss  niny  continue  furtlipr  by  the  suliatitntion  •  of  chlorine 
for  the  units  of  hydrogen  one  by  one  unti]  carbon  tetrachloride 
CX!U  is  finally  formed. 

The  action  on  water  is  a  sulistitution, 

tkinibinen  tcith  ISon-metalH.  —  Phosphorus  bums  in  chlorine 
with  a  rather  feeble  light,  producing  primarily  ])hosphoru8  tri- 

*  lobMltattott  mwmbli'H  dlipliu'rinMil  (p.  Hi)  in  that  an  clement  luul  a 
compoiind  interact,  omJ  tlie  [■ionient  lakra  the  pincc  if  one  unit  in  the  com- 
poaJtioD  of  the  IhIUt.  hi  iIjl-  nbovf  uclion,  oik-  unit  of  tJiIcjriin.'  takes  tbn 
plftce  of  one  unit  or  hyilmgori.  Itui  the  latUr  it  nut  hhrrittrd;  it  cnmhinM 
with  another  unit  of  chlorine.  The  aetiuri  reBOinblm  doubln  df^cuiuiiuiiition, 
exwpting  that  Ktae  of  the  tiubiLiuiccii  in  not  a  compouiiiJ,  but  n  diutomic  dp- 
tnont  The  name  used  ig  intended  to  fix  the  altrtition  on  the  tomputind  and 
on  the  fact  thai  one  unil  has  been  nubsUlultil  for  another  i[i  it.  TIiIh  eonvep- 
tiau  iff  It  fnvoritv  one  in  the  chcmiatry  of  cuiujKiuuda  of  ciuboo. 
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chloride  PClj,  a  liquid  (b.-p.  74").  If  excess  of  chloriue  is  present, 
thcQ,  SB  tilt'  trichloride  coola,  it  combines  to  form  the  solid  peiitu- 
c-hloridi-  PCij.  Sulphur,  when  heated,  unites  more  slowly,  giving 
Bulphur  monochJoride  SjClj,  a  liquid  used  in  vulcanizing  rubln-r. 
Cbloririp  does  not  combine  directly  with  carbon,  nitrogen,  or  oxy- 
gen, although  compounds  with  those  elements  can  be  made  in- 
directly. With  the  hcUum  group  of  elements  (q.v.),  it  forma  no 
compounds. 


Combines  tclth  Compoitnda.  —  Chlorine  unites  with  many 
compounds.  Thus,  one  of  thfi  oxides  of  carbon,  carbon  nionoxidi' 
CO,  when  mixed  with  chlorine  and  exposed  to  auuliKht  ffvv»  ilrtips 
of  a  vtdatile  liquid  (b.-p.  8.2*)  known  as  pboBgana  COQ». 

When  chlorine-water  ia  cooled  with  ice,  a  compound,  chlorinft 

hydrat*  Cli,8HsO  cryatalUjies  out.     Faraday  (IS2.3)   piac«d  this 

Etibstancc  in  the  closed  limb  of  a  A-tube, 

sealed  (ho  opcsj  end,  and  placed  the  empty 

limb  in  cold  water  (Fig.  68).      WTien  the 

hydrat*^  wax  gently  warmed,  chlorine  gas 

was  given  off  and  wa*i  liquefied  by  its  own 

prnwurc  in  the  cold  part  of  the  tube. 

Flo.  m. 

Chemical  Relations  of  the  Element.*  —  In  the  chlorides, 
an  atomic  weight  of  chlorine  is  equivalent  to  one  atomic  weight 
of  hydrogen  or  of  sodium.  The  element  is,  therefore,  unir&lBDt 
(p.  62).  It  never  shows  any  highi-r  vuk-nce  than  this,  !<ftve  in 
its  oxygen  compounds  (sec  Chap.  XXIII).  The  oxides  of  chlo- 
rine inU-ract  wi*h  water  to  give  ileitis,  ami  the  element  is,  there- 
fore, to  be  classed  as  a  QOR-m«t«l  (p.  91).  It  belonfp  to  that 
group  of  the  tmii-metats  cidlcd  llic  baloKobs,  nn  a  ronsideration  of 
sumo  others  of  its  n.'lntium<  will  show  (wv  CImp.  XV). 

*  In  Kcordonro  with  tJio  ili>tinetion  tJ»t  muxt  be  drawn  (p.  10)  between 
tilt  eleuHuit  AS  a  varieiy  of  inaliw  in  cotnbitiatton,  und  the  r-lcmcntary  nab* 
Manoc  or  free  form  of  ibi/  «li-(nuiti  and  lo  nvuiil  a  couiiiuii  Dourui.-  of  uuu* 
funOB,  m  shall  aliray*  give  only  tb<r  brhavior  of  Lhc  ricmi-iitriry  nibilann 
under  tli«  title  chrmiaU  prapertia.  The  characlpri«tic8  whjuli  ilistitiKUUib 
tliQ  eampoundt  of  tlw  rlciofnit,  an  u  clmn,  fram,  or  n'bte  them  an  u  claim  to  the 
compounds  of  other  eleinenls  will  then  appear  in  a,  fieparnte  section  undor 
the  title  "CbumicBl  reltttioiu"  (sec  pp.  10^  208J. 
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Vaes  <tf  Chlorine.  —  Large  quantities  of  chlorine  are  manu* 
facturcd  for  the  preparation  of  blenching  materials  and  disinfect- 
ing  aKeuts.  In  disinfection,  the  minute  ^rms  of  (Unease  and 
putrefaction  are  acted  upon  either  by  the  chlorine  or  by  the  hypo- 
chlorouH  acid  formed  by  it«  interaction  with  water,  and  instantly 
their  life  U  destroyed. 

Chlorides.  —  The  chlorides  are  d&scribed  individually  under 
the  other  element  which  each  containa.  The  majority  of  the 
chlorides  of  the  metals  are  easily  soluble  in  water.  The  chief 
exceptions  are  silver  chloride  Agt'l,  mercuroua  chloride  (calomel) 

HgCl,  cuprous  chloride  CuCl,  and  lead 
chloride  PbCU,  The  last  of  these  is  on 
the  border  line  as  regards  solubility.  An 
approdabte  amount  dissolves  in  cold 
water,  and  a  considerable  amount  in 
boiling  water  (sec  Table  of  Solubilities, 
inside  the  cover  at  the  front  of  this 
book).  For  the  various  mudoH  of  pre- 
paring chloridcu  sec  p.  146. 


Composition   of  Itydrogen  Ciilo- 

rirf«.^  Being  now  familiar  with  Iwth 
hyclrugen  and  clilorine,  we  may  tatce  up 
the  question  of  the  proportion  by  vol- 
ume in  which  the  constituents  unite, 
and  the  relation  of  this  to  the  volume 
of  the  resulting  hydrogen  chloride. 

The  decomixtaition  of  the  solution  of 
hydrogen  chloride  in  water  by  nmanjt  of 
the  electric  current  proves  that  the  gases 
are  liberated  in  equal  volumes.  Brown- 
lee's  apparatus  for  demonstrating  this  is  shown  in  Fig.  69.  The  cen- 
tral part  is  the  same  as  in  Fig.  27,  but,  when  the  thrcc-way  stop- 
cock is  cluse<l,  the  gases  go  to  right  and  left,  and  displace  the 
liquid  in  two  outside  tubes.  The  equal  rate  at  which  this  taken  place 
on  both  aides  proves  that  the  gases  are  generated  in  equal  volumes. 
In  order  to  ascertain  the  relation  between  the  voiumca  of  the 
constituents  and  that  of  the  product,  we  may  unite  the  gases  and  iind 


\ 


Fin.  OS. 


CHLORINE 


165 


out  iriutber&ny  change  in  volume  occurs,    A  tulie  with  thick  wullii 
(Fig.  70)  is  filled  with  the  mixed  gasefi  obtained  by  electrolym 
By  dipping  one  end  of  the  tube  under  mercury  and         ^, 
opening  the  lon^r  atopc-ock,  it  is  aecn  that  no  iffis  leaves        *^ 
and  no  mercuiy  enters.     After  the  mixture  has  Ijwn 
exploded,  by  the  light  from  burning  ntagne«iimi,  the 
same  test  b  repeated  with  the  same  result,     '['he  pres- 
sure haa  therefore  remained  equal  to  that  of  the  at- 
mosphere,   Heneo  there  has  been  no  cliange  in  volume 
as  the  result  of  the  union.     It  appears,  therefore,  that 


1  vol.  hTdrosen  +  1  vol.  ohloria*  -* 
8  vols,  hydrogfln  chloride, 

a  result  in  harmony  with  Gay-Lussac's  law  (p.  98). 


^ 


no,  Ta 


Confirmation  of  the  Formulte  Ct^  on*'  "a*  —  According  to 
Avc^ulro'f*  law,  there  are  equal  numlwri  of  molecules  in  equal 
volumes  of  these  gasee.  When  hydrogen  and  ehloriuc  combine, 
one  volume  of  each  of  tbese  gaaea  givee  two  volumes  of  hydrogen 
chloride.  lA^t  us  imagine  the  experiment  to  be  made  with  minute 
volumes  holding  one  hundred  molecules  each: 

BnXMlKM  CbUHUDB  BrDHDllKM  CKU»im 

came  from 


100 

100 

100 

+ 

100 

The  200  molccule-s  of  hydrogen  chloride  must  contam  at  least  200 
fragments  of  chlorine,  since  there  is  a  sample  in  each  molecule, 
Now  the  200  frnaincuts  of  chlorine  came  from  a  volume  cont 
ing  only  100  moh-ciilia*  of  chlorine.  Each  of  these  must  therefc 
have  been  split  in  the  chemical  action.  The  same  is  true  of  each 
molecule  of  hydrogen.  Hence  the  molecules  of  free  hydrogen 
and  free  chlorine  coutatn  at  least  two  atoms.  If  we  consider  the 
molecular  formula  of  a  substauce  as  representing  one  molecule, 
the  equation  for  this  action  is: 

H,  +  a,  -» 2HCI. 

There  are  two  molecules  on  each  side  of  the  equation,  and  this 
corresponds  mtJi  the  fact  that  tberv  is  no  change  in  the  total 
volume. 
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Cias3(fication  of  Chemieal  tnteraetionsi  and  Exercises 
Thereon.  —  So  far  wc  have  defined  ten  more  or  less  distinct  kinds 
of  chemical  chunge,  seven  differing  in  mechanimn:  Combination 
(p.  7),  decomposition  (p.  U),  dissociation  (p.  93),  dispUcenient  (p. 
55),  fubttltutiOD  (p.  162),  doubl«  dvcompoBiUon  (pp.  142,  147),  and 
lQt«mal  rearruicement  (p.  148);  and  three  others:  oxidation  (pp.  36, 
156,  15S),  reduction  (pp.  37,  59),  and  electrolTSli  (pp.  55,  165). 
lUiutrations  of  all  but  one  of  these  will  be  found  in  the  present 
chapter.  Some  actions  belong  to  one  of  the  first  seven,  and  also 
to  one  of  the  Ihroc  other  classes.  The  ability  readily  to  classify 
each  phenomenon,  as  it  comes  up,  requires  precisely  that  gro^ 
of  the  framework  of  the  Bcience  which  the  reader  must  seek  speedily 
to  attain.  For  cxumplc,  let  him  classify  the  following  actions:  I. 
action  of  puttuisiuin  on  water;  2.  of  heat  on  potassium  chlorate; 
3.  of  chlorine  on  metals;  4.  of  chlorine  on  turpentine;  5.  of 
chlorine  on  potaiwium  iodide;  6.  of  chlorine  on  methane;  7.  of 
oarbon  monoxide  and  chlorine;  S.  of  tiimlight  on  h^'pocblorous 
(icid;  0.  of  sulphuric  acid  on  »alt;  10.  of  xluc  oxide  and  hydro- 
cliloric  acid;    11,   of  zinc  on  hydrocliloric  arid. 

12.  In  tho  iiitcractio[i»  of  potassium  permanganate  and  of  man- 
ganeee  dioxide,  rvspcctivcly,  with  hydroclJoric  acid,  what  fractions 
of  tic  whole  chiorino  arc  liberated?  WHiiit  an*  the  commercial 
advantages  of  the  use  of  salt  and  sulphuric  acid  with  the  manganese 
dioxide? 

13.  Ill  view  of  the  explanations  given,  define  the  general  nature 
of  the  subfttiinccs  (p.  157)  which  may  be  used  to  oxidiise  hydro- 
chloric acid. 

14.  What  arc  the  relative  voluuics  of  the  ga-scous  interacting 
aubstaiices  and  protlucts  in  the  following  rejictioiis:  (n)  turpentine 
vapor  and  chlorine;  (^)  methane  aricl  flilorim-;  (c)  phosphorus 
vapor  and  chlorine;   (d)  carlxin  monoxide  and  chlorine. 
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CHAPTER  Xni 


BUBOT  AND  CHEMICAL  CHAHOB 


In  cl^RtTribini;  chemical  changett,  the  fact  thnt  heat  va»  evolved 
has  fnxiiiently  )>een  mentioned.  In  tteveral  inatances'a  current  of 
electricity  has  been  lined  to  produce  chemical  change.  It  is  now 
necensao'  to  collect  theae  eicattered  facts  and  claasify  them  for 
uture  uae. 


P 


PkyMtcal  Accompanlmenta  of  f^temlcal  Change.  —  When 
iron  and  nnlphur  comliined  (p.  13),  and  when  iron  burnetl  in  oxy- 
gen or  copper  in  chlorine,  much  heat  wax  developed.  On  the 
other  hand,  the  decomposition  of  mercuric  oxide,  as  was  pointed 
out  (p.  14),  owed  it«  continuance  to  the  persistent  application  of 
beat  and  cea»eii  as  soon  ns  the  source  of  heat  was  nithdrawn. 
Hera,  apparently,  heat  wax  cotisumed  during  the  progre-ts  of  the 
change,  and  the  chemical  action  was  limited  by  the  amount  of 
beat  supplied.  Th<-  production  or  eooiumption  of  heat  may,  there* 
fore,  be  a  feature  of  chemical  chunjte. 

In  the  burning  of  iron  or  magne.'Hum  in  oxygen,  and  in  the 
actions  of  chlorine  on  copper  and  turitentine,  light  was  also  pro- 
duced. Conversely,  silver  chloride  (p.  147}  can  bo  kept  any  length 
of  time  in  the  dark,  but  in  sunlight  it  tiecomes  first  bluish  and 
tJien  brown,  simultaneously  giving  off  chlorine  gas  and  finally 
leaving  only  stiver  as  a  fine  powder.  Silver  bromide  or  iodide,  in 
photographic  plates,  films,  and  paper,  is  changed  by  light  in  a 
aimilar  way,  liberating  the  bromine  or  iodine.  It  would  appear, 
tbeicfore,  that  lltht  may  b«  giv^a  out  or  consumed  in  connection 
with  chemical  change. 

We  have  seen  (p.  155)  that  a  current  of  electricity  may  be  em- 
ployed to  decompose  hydrochloric  acid  and  other  chlorides,  and 
tJie  battCT>',  or  other  source  of  the  current  must  be  kept  going  or 
tbe  chemical  change  stops.    The  inverse  of  this  is  Ukewixc  familiar. 

vK  place  in  dilute  sulphuric  acid  a  stick  of  the  metal  ziuc,  we 
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find  that  hydrogen  is  given  off  (Fig.  71),  that  the  rino  pjes  into 
Bolution  as  zinc  sulphate  (p.  53),  and  that  a  large  amount  of  he«t 
18  developed.  If  zinc  in  iine  particles,  with 
much  aiirfacc,  is  used,  the  liquid  may  even 
ri»c  ttpontancously  to  the  boiling-point. 
This  form  of  the  action  produces  heat.  If, 
however,  we  attach  the  same  stick  of  zino 
to  a  copper  wire  and,  having  provided  a 
phite  of  platinum  also  connected  with  a  wire, 
inmicrsc  the  two  simultaneously  in  the  acid 
(Fig.  72),  then  ft  galvauotnetcr,  with  which 
the  wires  iirc  comwctrd,  shows  st  once  the 
piitwuge  of  a  current  of  electricity  round 
the  circuit.  Bbtaetly  the  same  chemical 
chiuigi^  govs  on  as  before.  The  sole  differ- 
ence is  that,  the  gsw  appcfirs  to  arise  from 
the  surface  of  the  plutiimiii.  It  is  easj'  to 
show,  however,  that  the  [>hitinum  by  it-self 
is  not  (ictwl  upon  hy  dilute  -•icifh*  and,  in 
this  case,  undergoes  no  changer  whatever;  it  8en,'es  aimply  as  a 
suitable  conductor  for  the  electricity.    Here,  then,  in  place  of  the 
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heat  which  the  first  pinn  produced,  we  get  an  electric  current. 
The  arrangement  is,  in  fact,  a  Iwittery-cell,  for  a  battery  is  a 
Bystem  in  which  a  chemical  action  which  would  otherwifle  ^ve 
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beat  furniflhPH  electricity  iostead.     Thus,  elMtzleal  enorgy  m^y  b« 
■      conaumed  or  produced  in  connection  with  a  chan^  in  coiiipoftition. 
H     Even  Tlolent  nibbing  in  a  mortar,  in  the  caae  of  E»om«  flubstAQcea, 
^can  effect  ao  appreciable  amount  of  decomposition  in  a  few  min- 
utes.    In  this  way  silver  chloride  can  be  Beparated  into  sitver  and 
chlorine,  just  as  by  light.     It  is  the  mechuticat  en«rsT  which  ia  the 
agent,  and  part  of  it  is  coiisumed  in  protlueing  the  change,  and 
only  the  balance  appears  as  heat.    Conversely,  the  production  of 
mechanical  energy,  as  the  result  of  chemical  change,  ia  seen  in 
ihe  behavior  of  explosives  and  in  the  working  of  our  muscles. 
ThuH^  macbaulcal  endrgy  mar  b«  us«d  up  or  produced  in  chemical 
changes. 

Summing  up  our  experience,  we  may  state  that  no  change  in 
composition  occm's  without  some  accompaniments,  such  as  the 
production  or  consumption  of  heat,  light,  electrical  energy,  or,  in 
some  cases,  mechanical  cnexgy. 

'  Classification  of  tfi^  Accompaniments  of  Change  in  Cotn- 

po»ition  1  Energy.  —  The  prohlom  of  classifying  (i.e.,  placing  in  a 
suitable  category)  things  like  heat,  liglit,  aud  electricity  has  occu- 
pied much  attention.  In  all  chitngcs  in  compuHitiun,  one  of  these 
natural  accompaniments  is  ^veii  out  or  absorbed,  sometimes  in 
gKAt  amount,  yet  in  none  is  any  alteration  in  ^'cight  observed.* 
There  arc  many  things  which  are  rcwl,  however,  c\'cn  if  they  are 
not  aJTccted  by  gravitation.  In  the  proi^Piit  instanoc  wc  reason 
as  follows: 

I  A  brick  in  motion  is  different  from  a  brick  at  re«t.  The  former 
can  do  some  lhing:<  that  the  latter  eaimot.  Furthermore,  we  can 
eaaily  make  a  distinclion  in  our  miudB.  The  brick  can  Ix^  deprived 
of  the  motion  and  be  endowed  with  it  again.  Thus,  wc  cati  get 
the  idea  of  motion  as  «  separate  conception.  Similarly,  we  observe 
that  a  piooe  of  iron  Ix-haves  differently  when  hot,  and  when  cold, 
when  l>earing  a  current  of  electricity,  and  wheji  bearing  none. 
We  conceive  then  of  the  brick  or  the  iron  as  having  a  certain 
amount  and  kiml  of  niatter  which  is  unalterable,  and  as  having 
motion,  heat,  or  electricity  added  to  this  or  removed.  Thus,  we  j 
deRCril>e  our  observations  by  using  two  categories,  one  of  which! 

^K     *  DiHitfoiu  (<i.v.)  do  ixiacttfaa  man,  but  it  is  very  small  compared  iritb  ttiat 
I       oT  the  mntcriiUii  conccrnf<d.  . 
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includes  the  vilHoub  kinds  of  EOBtUr,  and  the  other,  various  things 
whose  associatic»i  wiUi  matter  aeeius  to  be  invariable  and  is  often 
so  conspicuous.    The  latter  ve  oaU  tbc  forms  of  eiMrgr. 

The  Practical  Importance  of  Energy  in   Chemistry.  — 

The  ab8yri)tion  or  hlnTutiun  of  energy  accompanying  a  chcmicul 
tratifforiTiation  of  matter  is  often,  of  the  two,  the  more  importiuit 
feature.  We  do  not  burn  coal  in  order  to  manufacture  carbon 
dioxide  gas.  We  are  glad  to  get  rid  of  the  material  product  through 
the  ohimney.  It  is  the  heat  we  want.  We  do  not  buy  gasoline 
(|»etroI)  for  an  automobile  iu  order  to  obtain  various  gases  to  ex- 
pel through  the  muffler.  We  really  pay  for  the  mechanical  energy. 
It  iH  the  same  with  burning  iUuminating-gas  or  magneHium  powder 
when  we  want  light,  and  with  eating  food,  which  we  do,  chiefly,  to 
get  ene-Tgy  to  sustain  our  acti^'it.y.  We  do  not  run  electricity  for 
bourx  into  a  storage  battery  in  order  to  make  a  particular  compound 

(le-ad  dioxide,  for  example),  but  in  order 
to  save  and  store  the  energy  for  future 
iiae.  In  industry  and  life  fully  half  iho 
total  amount  of  chemical  change  in> 
volved  is  set  in  motion  by  ua,  solely  on 
account  of  the  energy  changes  it  in- 
volves. But  the  production  of  energy 
IB  chemical  change  is  not  only  thus  of 
practical  importance;  it  hi  also  of  scien- 
tific inU'rcat,  as  will  bo  seen  in  the  sec- 
tion on  energy  and  cheim'cal  activity 
(see  below). 
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Interconvertibility  qf  Forms  qf 
Energy:  Con»vrvation.  —  At  first 
sight,  these  accom|)animeuts  of  mutter 
aeem  to  be  quite  unrelated.  But  a  relation  between  them  can  bo 
found.  If  the  heat  of  a  Bunsen  flame  or  of  the  sun  is  brought 
under  a  hot-air  motor  (Fig.  73)  violent  motion  results.  Again,  if 
the  motor  is  connected  with  a  dynamo,  electricity  may  lie  generated. 
Still  again,  if  the  current  from  the  dynamo  flows  tlirough  an  incan- 
descent lamp,  heat  and  light  are  evolved.  Conversely,  when  motion 
of  the  hot-air  motor  is  impeded  by  a  brake,  heat  ajipears.    When 
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a  ciirnMit  of  dectricity  b  run  through  the  dyiuuno,  the  armature 
of  the  litlt«r  turns  and  motion  results.  But  the  most  sigtuficant 
facte  lire  still  to  be  mentioned.  Tiie  heat  absorbed  by  the  motor 
IB  found  to  be  greater  when  the  machine  is  pcnnittod  to  move  and 
do  work.  thaD  when  it  i»  not.  Thus,  it  is  found  that  when  work  la 
done  some  heat  disappears,  and  this  lie^t  is,  in  fact,  triuiKforiucd 
jato  work.  Similarly,  when  the  poles  of  the  dynamo  arc  properly 
cooDectcd  and  electricity  is  being  produce<l,  and  only  then,  motion 
is  used  up.  ThU  is  shown  by  the  effort  required  to  turn  the  aririo- 
ture  mider  these  circumstances,  and  tbe  ease  wiUi  which  it  Is 
turned  when  the  circuit  is  open.  So,  with  a  conductor  like  thi; 
filament  in  the  lamp,  unles.i  it  offers  resistance  to  the  current  and 
destroys  a  sufficient  amount  of  electrical  energy,  it  gives  out  neither 
light  nor  heat.  Finally,  motion  gives  no  heat  unless  the  brake  is 
set,  and  effort  is  then  demanded  to  maintain  the  motion.  These 
experiences  lead  us  to  believe  that  we  have  here  a  .set  of  thinRS 
which  are  fundamentally  of  tlie  same  kind,  for  each  form  c^n  Ijc 
made  from  any  of  the  others.  We  have,  therefore,  invented  the 
OODception  of  a  single  thing,  of  which  heat,  light,  electricity,  and 
motion  are  fonns,  and  to  it  we  give  the  name  Anerny:  enorgy  U 
work  and  ererj  other  thine  which  can  arise  from  work  and  be  con- 
nrtod  Into  work  (IMwald). 

C^loscr  study  shows  that  equal  amounts  of  electrical  or  mechani- 
c.il  energj'  atwnvB  produce  equal  amounts  of  heat.  No  loss  is 
ever  observed  in  the  transformations  of  energy,  any  more  than 
in  the  transformationfi  of  matter.  Hence,  J.  R.  Mayer  (1842), 
('olding  (184-t),  and  IlelmholtK  (1847)  were  led  independently  to 
the  conclusion  that  In  a  limited  system  no  laln  or  lose  of  energy 
Is  BTer  observed.  This  brief  statement  of  the  results  of  many  ex- 
periments is  called  the  luw  of  the  coDserrstlon  of  energy. 

Application  of  the  Conception  of  Energy  in  Chemistry.  — 

At  firat  sight  it  looks  as  if  the  statement  that  encrg>'  is  conser\'ed 
is  not  applicable  in  chemistry.  Heat  and  electricity,  for  example, 
seem  to  be  produced  and  consumed,  in  connection  with  changes  in 
oompoBition,  in  a  mj-stcrioua  manner.  We  trace  light  in  on  in- 
candeecent  lamp  back  to  (be  electricity,  and  this  in  turn  to  the 
mechanical  energj',  and  this  again  to  (he  heat  in  the  en^nc.  But 
what  form  of  energy  gave  the  heat  developed  by  the  combustion 
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of  the  coal  under  the  boilvr,  or  by  the  uniou  of  iron  and  sulphur 
in  our  first  cxpcrinifut?  Sinvu  we  do  not  pt-rwivc  any  electricity, 
light,  heat,  or  inotiou ,  in  the  original  auiU.'n:ib«,  iinii yeiv.-ish  to  create 
BJi  harmonious  nyslvni,  w«  are  bound  to  conwivc  of  the  iron  and  the 
Bulphur,  and  the  coal  and  Ihc  nir,  as  containing  another  form  of 
eaergy,  which  wc  call  int«nLfcl  mtrgy-  Similarly,  when  heat  is  used 
up  in  deconipoiiiing  iiicrcurii-  oxide,  or  li^t  in  dceomposiiig  silver 
chloride,  we  regard  the  cnergj'  us  piuwiug  into,  and  being  stored 
in  the  product*  of  dccoin[>oKition  iu  the  form  of  internal  energy. 

These  conclusions  compel  ua,  for  the  sake  of  consistency,  to 
think  of  all  our  materials  as  rept^itories  of  encrgj"  as  well  oa  of 
matter,  each  of  these  two  constituimts  being  equally  real  and 
equally  important.  A  piece  of  the  substance  known  as  "iron" 
must  thus  be  held  to  contain  so  nmch  iron  matter  and  so  much 
internal  energy.  So  ferrous  sulphide  contains  sulphur  matter, 
iron  matter,  and  internal  energy.  Thus,  by  a  siibstance  we  mean 
a  distinct  species  of  matter,  simple  or  compound,  with  its  appro- 
priate proportion  of  internal -energy. 

In  the  course  of  this  discussion  it  bos  bitcome  clear  that  it  la 
ohuact«rlstJc  of  chemical  phonoiuona  that,  besides  a  change  in  the 
nature  uf  the  tnalUr,  thero  U  (Uw>7>  >n  ■lt«ntioii  in  the  amount  ot 
Internal  energy  In  the  tjvtem.  This  iJteratlon  Involves  the  produc- 
tion of  int«m«]  energy  from,  or  the  truuformAtion  of  int«mal 
energy  into  eome  other  form  of  energy. 

Energy  and  Otemical  Actiirity.  —  Other  thiogi  bdng  equal, 
actions  in  which  Ibore  is  ii  relatively  large  loss  of  internal  energy 
proceed  rapidly;  that  is  to  &iiy,  in  them  a  large  proportion  of  tJie 
material  is  changiHl  iu  the  unit  of  time.  Thosi'  iu  which  less  en- 
ergy is  transformed  proceed  more  wlowly.  The  speed  of  the  chemi- 
cal change,  and  the  quantity  of  energy  availitble  because  of  it,  are 
closely  rehitod.  Now,  we  are  accustomed  to  speak  of  materials 
which,  like  iron  and  sulphur,  ioteracl  rapidly  and  with  Uberation 
of  much  euerg)'  as  "chemically  active."  Thus,  relative  chemical 
activity  luay  be  estimated,  (1)  by  observing  the  speed  of  a  chaiiKe 
(wKt  below),  or,  Ln  many  cases  (2)  by  measurmg  the  heat  developtid 
(see  Tliermo-chemietry,  lx*Iow),  or  (3)  byaecertaining  the  electro- 
motive force  of  the  current,  when  the  mat^-rijils  are  arranged  in 
the  form  of  a  battcry-ccll  (sec  Chap.  XXXIX). 
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It  is  evident  thut  thu  chemical  nctivity  of  a  givcu  subiitiuin;  will 
not  be  tltG  siLinv  LowAids  ntl  oth<>-r^  Thus,  iron  iiuilej)  niuob  mora 
vigorously  with  chlorine  thnn  with  sulphur  and,  with  idonUcid 
amounts  of  iron,  more  bent  is  lilx^rKtetl  iu  the  former  case  than  in 
tiie  latter.  With  silver,  sodium,  and  many  other  substances,  iron 
docs  not  unite  at  all.  One  of  the  tftsks  of  the  chemist  is  to  muko 
eucli  ('om])ari»uns  as  this.  He  calls  the  results  the  specific  cbemieal 
properties  of  the  substances  in  question. 

The  "  Cause  "  of  Chemical  Activity  or  Affinity.  —  The 

reader  will  undoubtedly  be  iueliued  to  in(|uire  whether  we  can 
assign  any  cause  for  the  t«ideney  which  »ubntaiice.t  have  to  undergo 
chemical  change.  Why  do  iron  nud  sulphur  unite  to  form  ferrous 
sulphide,  while  other  pairs  of  elements  t^ken  at  raudom  will  fre- 
quently be  found  to  have  no  effect  upon  one  another  under  any 
circumstances?  The  an.'twer  is  that  we  do  not  know.  Questions 
like  this  have  to  go  without  answer  in  all  sciences.  Wliat  is  tho 
cause  of  gravitation?  We  know  the  facts  which  arc  associated 
with  the  word  —  the  fset  that  bodies  fall  towards  the  earth,  for 
exHinpIc  —  but  why  tboy  fall  we  are  unable  to  say.  So,  with 
cheuiieal  change,  wc  can  ettnte  ail  tlie  facts  wc  know  about  it,  but 
even  then  we  cannot  say  why  it  takes  place. 

The  word  caws  was  employed  in  the  heading  of  this  section,  and 
it  will  be  observed  that  no  cause  was  found.  This  is  the  invariahlo 
niic  in  physical  or  chemical  phenomena.  Wc  know  of  no  causes, 
in  the  sense  in  wtoch  the  word  is  commonly  cmploj-ed. 

The  word  cauec  has  only  one  definit*  use  in  science.  Wlien  wo 
fbd  that  thorough  incorporation  of  the  three  n]at«rials  is  needed  to 
secure  good  gunpowder,  we  say  that  the  intimate  mixing  is  a  cause 
of  its  Ix'ing  highly  explosive.  By  thb*  we  simply  mean  that  intimate 
mixture  m  a  newttanj  antectdenl  of  the  re.'tult.  A  mum  is  acoadition 
or  occumnce  which  aIw^ti  pr«c«d«s  uiotber  condiUon  or  oocuit«dc». 


The  Speett  nf  Chemical  Aetionx:  a  Means  oj  Measuring 
Activity.  —  One  means  of  meaAtirinR  the  relative  chemical  activi- 
ties of  several  substances  is  to  obsene  the  spee*l  with  which  they 
undergo  the  same  ohemical  change.  Tims  we  may  compare  the 
activities  of  (he  varioH-H  metals  by  nllowinR  them  separately  to 
interact  with  hydrochloric  acid  and  collecting  and  meaauriug  tha 
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hydrogen  Ubcrfttod  per  minute  by  each.  It  will  be  seen,  even  in  tba 
roughest  (.-xporiineDt,  that  msgnudtuti  is  thus  much  more  active 
than  zinc.  The  comparison  roust  Ise  made  with  such  preoautioiw, 
however,  aa  will  iiiiike  it  certain  that  the  conditions  under  which 
the  several  mctuk  act  are  all  alike.  Thus,  in  spite  of  the  heat 
evolved  by  the  action,  means  must  be  used,  by  suitable  cooling,  to 
keep  the  temperature  at  some  Bxcd  point  during  tiie  experiment, 
for  all  actions  become  men?  rapid  when  the  temperature  ri»c6 
(p.  20).  Again,  the  piocca  of  the  various  metals  must  be  arrangExl 
fw)  that  equal  surfaoos  arc  exposed  to  the  acid  in  each  case.  It  is 
found  that  the  order  in  which  this  comparison  places  the  metala  is 
much  the  same  as  tluit  in  which  they  are  placed  by  a  study  of ' 
other  similar  actions.  A  single  table,  showing  the  order  of  active  j 
ity  (p.  60),  suffices,  therefore,  for  all  purposes. 

Thermoch^miatry.  —  ChemicRl  changes  in  which  heat  is 
liberated  mm  cuUcd  •xothormaL  Those  in  which  heat  is  continu- 
oualy  al>sor!x'd  (pp.  14,  167,  113)  arc  adicd  andotharmal  changes. 
Since  the  activities,  or  affiiiities  of  two  substances  (say,  two  metals) 
may  often  be  mcasure<i  by  observing  the  amounts  of  heat  liberated 
when  each  c«mbiiies  with  a  third  sulwtfkncv  {say,  oxygen),  it  will 
be  instructive  now  to  consider  some  of  the  clcnientarj'  facts  of 
thermochemistry. 

The  chemical  interactions  to  be  studied  thermally  are  arranged 
so  that  they  may  be  carried  out  in  a  smidl  vessel  which  can  be 
placed  inside  another  containing  wiitcr.  The  whole  apparatus  is 
called  a  calorlmetar  (Gk.,  hmt^meajnircr).  The  heat  developed 
raises  the  temperature  of  this  water.  Where  gases  like  oxygen 
are  concerned,  a  closed  bulb  of  platinum  forms  the  inner  vessel. 
The  quantity  of  heat  capable  of  raising  one  gram  of  water  one 
degree  in  temperature  at  15°  Centigrade  is  called  a  calori*.  So  that 
250  grams  of  water  riused  1°  would  re^prettcnt  250  calories,  and  20 
grams  of  water  raised  5"  would  represent  100  calories. 

Thermochemicat  Equationa.  —  While  in  physics  the  unit 
of  quantity  is  the  gram,  in  chemistiy  the  unit  which  we  select  is 
naturally  a  gram-atomtc  weight  or  a  gram-mole«ular  weight  of  the 
Bubstancc.  Thus,  the  heat  of  combustion  of  carbon  means  the 
heat  produced  by  combining  twelve  grams  of  carbon  with  thirty- 
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pwo  gnuns  of  oxygen,  aiid  is  suffidrnt  to  r&iw:  nc&rly  100,000 
Krams  of  water  one  dcgrt«.    This  \s  cxpnx^^ed  m  follows:  I 

J  C  +  0,-*COj  + 96,820  cal.  I 

T^n  other  wwds,  the  combustion  of  k'ss  than  half  an  ounce  of  cftrbott 
will  raise  over  two  pounds  (one  kilufp'uui)  of  wutcr  from  0°  to  the 
feoiling-potnt. 

I  When  the  uction  i»  one  which  abeorbs  hc-at,  this  fact  is  indicat4Ml 
By  the  negative  sign  prcvuliug  the  number  of  ejilorivs.  Thus,  the 
HiasociaticHi  of  36  g.  of  water  vapor  into  hydrogen  and  oxygen 
■itMOrbe  28,800  cal.  per  gram  of  h>-drogi;u  liberated:  , 

I  2HiO-»2H,  +  Os- llS,200caI.  ■ 

If  the  action  is  reversible,  us  this  one  is,  the  heat  absorbed  when 
it  proceeds  in  one  direction  is  equal  to  that  liberated  whcu  it  gOCBJ 
Jd  the  other  direction:  ' 

I  2H,  +  Oj  -.  2HiO  +  1 15,200  cal. 

f  An  aetion  wliicli  absorbs  heat  can  take  place  only  when  heat  or 
some  other  form  of  energ)-  is  furnished.  Thus,  the  electrolysis  of 
aqueous  hyt^b-octdoric  acid  (p.  155)  consumes  electrical  energy, 
which  is  equivalent  in  amount  to  the  heat  given  out  when  hydrogen 
and  chlorine  uiiik'  to  form  hydrogen  chloride,  plus  the  heat  lilxfr* 

.aU;d  when  the  httter  tlissulves: 

^  +  CU  +  Aq  -*  2HCI,  Aq  +  78,800  cal.  ^ 

Anausera  to  Poaaible  Queationa.  —  It  is  alwaj-s  found  that 
the  same  quantities  of  iiny  given  chemical  substances,  undergoing . 
le  same  chemical  change  under  the  same  conditions,   produce  1 
absorb,  according  as  the  action  is  exothermal  or  vndothcrmal, 
ounts  of  heat  wliich  arc  equal. 

The  rate  at  which  a  given  chemical  action  is  allowed  to  take  place 
no  influence  on  the  total  amount  of  heat  consumed  or  produced. 
t  may  not  at  first  sight  appear  obvious  that  rusting  evolves  heat, 
but  a  delicate  thermometer  will  show  that  a  heap  of  rusting  nails  is 
Kuncwhat  higher  in  temperature  than  surrouniling  bodies.     Poor 
conductors,  like  oily  rags  and  ill-dried  hay,  show  a  tendency  to 
taneoufl  combustion  owing  to  accumulation  of  the  slowly 
developing  heat  of  oxidation  (p.  37).     The  warmth  of  our  own  j 
bodies  is  due  to  the  same  cause.  ^ 


^^»nd 
^^deve 


176 


oollkoe:  chemistry 


It  KhouJd  be  notc<I  thut  production  or  abeorptiou  of  lioat  ia  sot, ' 
in  itself,  an  cvidcuuc  of  t-heuiical  iivtioii.    Physical  chnDgi»  uru  »U 
likewise  accompanied  by  the  Bumc  pltt'noiiieiia.     Tlius,  the  evapo- 
ration of  water  absorbs  hcjit,  iind  c'undeii»tvtioa  of  a  vupor  and  tbo 
crystallization  of  a  Rupercooled  liquid  Hborati^  heat. 

The  heat  of  wlution  (i^.  pp.  125,  1 15)  is  ihc  heat  liberated  (c 
absorbed)  on  dissolving  one  mole  of  the  sulMtuncc  in  a  lai^j 
amount  of  water.  A  part  of  the  water  always  imdergoes  ehemieal  i 
change  (p.  131)).  The  solute  also  frequently  combines  with  a  part 
of  the  water,  or  is  ionised  (y-r.),  and  the  change  in  volume  of  the  j 
mixture  (p.  13S),  as  a  phji<:iciil  phenomenon,  would  alone  entail  a| 
heat-ehange.  Ilcnee  lliis  heat  effect  is  partly'  chemical  and  partly  j 
ph>Taoal  in  origin. 


Exercises.  —  1.  Which  form  of  energy  is  delivered  as  such, 
and  paid  for  as  such,  in  most  cities? 

2.  liuw  many  calories  are  irrquired  to  raise  500  g.  of  a  substance ; 
of  specific  heat  0.5  from  15"  to  37°  (p.  174)? 

3.  The  oombiistion  of  1  g.  of  sulphur  to  sulphur  dioxide  develops 
2220  calories.  li\Tiat  is  the  heat  of  combustion  of  sulphur?  Write 
the  thermochcinical  equation. 


CHAPTER  XIV 

CHEMICAL  BQUIUBRnTH 

Ik  spite  of  iU  formidabl<^  titk',  thi»  chnpUT  will  introduce  notbiug 
novd.  Its  purpose  in  to  collect  to)(etl]ur  aud  orgituiitc  more 
definitely  u  Duiubur  of  Mintturod  faoLs  iukI  iduis  which  hitvc  already 
come  up  in  vurious  connections.  On  this  itccount,  however,  it  will 
be  all  tlw!  more  ncccsstiry  for  the  rciwlcr  to  refr(«h  his  reniombrftii™ 
of  thivM;  facts  and  ideas  by  re-rcadiug  all  pages  to  which  reference 
i»  mudtt. 

Revfritihle  Aclioiu.  —  In  discussing  Deacon's  proeesa  (p.  156), 
it  w(iji  sljiU-il  that  the  iiolioii  coiiies  to  r<a*t  although  a  large  amount 
of  both  of  liie  ititera<;ting  subslanceA  (20  per  cent  at  345*")  BtiU 
remains  available:  (20  per  cent)  4Ha  +  0,  f^ 2HiO  +  2CU 
(80  per  cent).  Now  the  materials  thus  left  unused  are  presumably 
DO  less  capable  of  interacting  than  were  the  parts  which  have 
already  reacted,  llie  solution  of  this  mysterj-  lies  in  the  fact 
(p.  156)  that  the  prodtuix  titemeetves  iitteract  to  reproduce  the 
initial  substancee  (read  the  equation  backwards).  Thus  two 
changtw,  one  of  which  undoes  the  work  of  the  other,  are  going  on 
simultaneously.  In  consequence  of  this,  neither  action  can  reach 
completion.  As  we  should  expect,  experiment  shows  that  it 
makes  no  difference  whether  we  start  with  pure  chlorine  an<l  steam, 
or  with  hydrogt^n  chiori<lo  and  ox>'gen;  the  pro|K>rlions  of  the  four 
substances  found  in  the  tube,  after  it  has  been  kept  at  345°  for  a 
stifficteiit  time,  are  in  both  cases  the  same.  .\  Ktnsiml  tutemeot 
may  be  founded  on  facts  like  this,  to  the  effect  that  a  ch«mlcal 
action  must  rem&ln  more  or  tesa  Incomplete  when  the  revers*  acUoa 
also  takes  plac*  under  tbe  same  comUtions.  Two  arrovr^  pouituig 
in  oppoate  directions  are  used  in  equations  representing  reversible 
cbaoges.* 

■  The  rtttder  niiut  avcHd  the  Idea  tliat  a  reveraible  action  is  one  which  gom 
to  completion,  and  then  niii«  hnck  to  a  onrtain  nxunt.  Thia  cuncuptioii  would 
be  ooalrsry  to  tlic  Tact,  uiid  in<!xplic«ble  by  the  kineLJc  method. 
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Tlw  foreitoin);  example  of  a  revcrfiible  sotioit,  and  the  MIowmg 
escamplee  which  very  closely  resemble  it,  should  now  be  looked  up 
and  studied  attentively.  The  discussion  in  thia  and  the  following 
Bcctionjs,  for  which  they  furnish  the  baaia,  cannot  otherwise  bo 
tmdcratood:  (1)  the  interaction  of  chlorine  and  water  (p.  161), 
which  was  fuUy  discussed  at  the  time;  (2)  the  behavior  of  phos- 
plioruK  pcntachloride  vapor  (p.  1J7);  (3)  the  Ix-hnvior  of  water 
vapor  (p.  93),  of  phosphorus  vapor  (p.  117),  of  sulphur  vapor 
(p.  117),  and  of  iodine  vapor  (p.  117).  M 

Wlien  the  action  is  one  which  is  revcraiblc,  but,  under  the  cii-     ■ 
cumstances  being  discussed,  proceeds  farther  towardft  completion 
in  one  direction  than  in  the  other,  the  arrow  will  be  motUSed  to 
indicate  this  fact: 

CU  +  H,0 15  HCl  +  HCIO  (p.  ICl). 

When  thia  relative  comp1etenes8  ia  due  to  precipitation  or 
tilization,  the  fact  may  be  indicated  by  vertical  arrows: 

NaCl  +  H^O,s-NaHSO,  +  HCIT  (p.  HI). 
NaCli  +H,SO*s?NaH:>0.  +  HUl(p.  143). 

ActUuia  Which  Proceed  to  Conipl»tion.  —  All  ehemica 
actions  do  not  bL'Iong  to  the  reversible,  incomplete  cIjisb.  Many 
proceed  uninterruptedly  to  exhaustion  of  one,  or  all,  of  the  in- 
gredients. For  example,  equivalent  amounts  of  magnesium  and 
oxygen  combine  completely,  2Mg  +  Oi  — » 2MgO,  Hero,  how- 
ever, the  product  is  not  decomposed  even  at  the  white  heat  pro- 
duced by  the  vigor  of  the  union.  Indeed,  mugneeium  uxtde  cannot 
be  decomposed,  and  the  action  rcveraed,  at  any  temperature  we 
ciui  conuuund.  The  otber  oomplste  aoUoiu,  like  the  decomposi- 
tion of  potassium  chlorate  (p.  27>,  mt*  §o  becaun  tboy  art  likewise 
firaranibl*.  h| 

Exptanation  in  Termn  of  Molfcuha.  —  Restating  these  facts 
in  terms  of  the  molecules  will  enable  us  to  rcsison  more  dearly 
about  this  variety  of  chemical  change.  Suppose  we  start  with  the 
tuaterials  represented  on  one  side  only  of  such  an  equation,  say  the 
hydrogen  chloride  and  oxygen  in  that  on  p.  177.  The  molecules 
of  these  DiateriaU  will  encounter  one  another  frequently  in  the 
course  of  their  movements.    In  a  certain  proportion  of  these 
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colliscnv  tbe  chemical  ohatijte  will  take  place.  In  the  earliedt 
stages  there  wilJ  be  few  of  the  new  kind  of  molecules  (fay,  of 
chlorioe  and  steam),  but,  as  the  action  goes  on,  theae  nHll  incrCAAe 
ui  number.  There  will  be  two  oonsequences  of  this.  In  the  first 
place  the  parent  materiAls  (in  tliis  caw,  hydrogen  chloride  and 
ox>'gen)  will  diminish  in  amount,  the  collisions  between  their 
molecules  will  become  fewer,  and  the  speed  of  tlie  forward  action 
will  therefore  become  leas  and  letis.  In  the  second  place  the  in- 
crease io  the  numbe-r  of  molecules  of  the  products  will  result  in 
more  frequent  collisions  Iwtweenjthem,  in  more  frequent  oecurrenee 
of  the  chemical  change  which  they  can  undergo,  and  thus  in  an 
increase  in  the  speed  of  tbe  reverse  action.  The  forward  action 
begins  at  its  maximum  and  decreases  in  speed  prngressively;  the 
reverse  action  i>e^ins  at  zero  and  increa.tes  in  fti»e<l.  Anally  the 
two  speeds  must  become  equal,  and  at  that  point  perceptible  change 
in  the  condition  of  the  whole  must  cease  (c/.  pp.  88-  SO). 

The  most  immediate  inference  from  this  mode  of  viewing  the 
matter  is,  that  the  apparent  halt  in  the  progress  of  the  action 
does  not  indicate  any  cassation  of  either  chemical  change.  Both 
chanftes  must  go  on,  in  consequence  of  the  continued  encounters  of 
the  proper  molecules.  But  since  the  two  changes  proceed  with 
equal  speeds  they  produce  no  alteration  in  the  masa  as  a  whole.  In 
fa<^t,  the  Bnal  state  is  one  of  equilibrium,  and  not  of  rest,  one  of 
balanced  activity  and  not  of  repose.  Hence,  chemical  changes 
which  are  n^-ersible  lead  to  that  (xindition  of  seemingly  suspended 
action  which  we  speak  of  as  cbemlcal  equilibrium. 


Chemicnt  Kquitibriunt  and  ita  Characterlailca.  — The  de- 
tailed diacuasion  of  the  i-clntioDs  of  liquid  and  vapor  (pp.  78,  87- 
90),  and  of  saturated  gulutioQ  and  uiKliseolvcd  solid  (pp.  127,  130- 
133),  has  already  familiarised  us  with  tbe  term  equilibrium  and  its 
signifitrancc.  We  can,  in  fact,  apply  to  the  discussion  of  any  kind 
of  reversible  phenomena,  the  sets  of  ideas  in  regard  to  exchanges  of 
molecules  there  elaborated. 

In  particuhir,  the  reader  will  note  that  the  three  charaot«rlitica  of 
a  state  of  squUibrlum,  developed  and  illustrated  in  the  case  of  the 
physiczU  equilibrium  between  n  liquid  and  it«  vapor  (p.  89),  apply 
also  to  a  typical  uuu.-  of  chemical  equilibrium,  mich  as  that  ia 
Deacon's  process  now  before  ua.    Thus: 
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1.  There  an^  th«  two  oppoting  tendendeB,   which  ultlmatalr 
bcluic*  aa»  sootbtr.     Here  Ibcy  urc  the  tojxJeiic-y  of  the  steaui  and— 
cliloniio  lo  proiluce  bydrogun  chloride  and  oxyg<?n,  and  the  tend-9 
cuoy  of  ti)i>  livtlrogi'ii  oliluridi-  Jind  oxygt-ii  to  rt-pruducc  stcntii  iind 
cbloriDe  by  this  iiik-rtiotiun.     In  uthi-r  wurds,  they  arc  the  appuvnC 
aetirltr  oi  t  lie  hydrogen  chloride  taxd  oxygen  interaction,  and 
appannt  actirity  *  of  the  itteajii  and  chlurinc  renetion. 

2.  Atequilibrium  tho  twooppoBiajtandenclMOTBCtiTitlMarssClIl'' 
Id  tull  opsratioo,  although  their  cf{ect<!  then  neutralize  one  another. 

3  (and  this  is  the  chief  mark  of  chemical,  lus  it  ij)  of  ph^'sind 
equilibrium).  The  system  is  in  li  sensitive  state,  so  that  a  obang* 
in  th»  oonditionB  (icmjNrtiture  niid  prcssuie or  eoiiceulriiltuii), c;^ 
if  shghl,  produces  a  con-««poading  obuig«  In  the  Btat«  of  tb«  sj>t«ia, 
aod  do«s  this  by  faToring  or  disfavoring  on*  of  th«  two  opposing 
tendencies  or  apparent  activities.  .Sueh  a  eh:uig^-  is  eiillwl  a  dis- 
placement of  the  eciuilibrium,  for  tile  system  settk^  down  in  a  new 
State  of  etiuilibriuui  with  uew  proportions  of  the  two  eets  of  sid*- 
Btanccs,  corro.spoiiding  to  the  changed  eonditious.  Thus,  iii  the 
present  instance,  a  change  from  3-15°,  where  there  is  80  per  cent 
of  the  material  in  the  form  of  steam  and  chlorine,  to  384°  results 
in  the  diminutiou  of  this  ]>rop<jrtion  to  73  jKr  cent.  The  cquilit>- 
rium  is  affected  by  changes  in  concentration  also,  as  we  shall' 
presently  »ee  (pp.  181,  186). 

Now,  the  foregoing  facts  sliow  that  the  key  to  understanding 
chemical  activities,  their  magnitudes,  their  changes,  and  especiallyi 
their  practical  results,  must  (ie  in  hwmn^  Awu;  changes  in  Ott 
coTiditions  affect  Uwm.  Hence,  to  the  chemi.'rt,  famiHarity  with  the 
influence  of  conditions  on  chemical  phenomena  must  l>e  of  the 
greatest  practical  importance.  We  therefore  adilretts  ourselves 
to  the  i^scussion  of  this  subject. 

The  "eoiiditiona"  to  be  considered  are  faim'liar,  —  temperature, 
and  conceutralion  or,  in  the  case  of  a  gas,  i)art.ia]  preasure.  The 
"activity"  of  an  action  is  accurately  measured  by  the  speed  with 


*  Wc  uac  the  term  "apparent  nct.ivity"  for  the  activity  u  wdsoc  it.  In 
the  same  Rclion  il  varies  with  the  condiliuos.  The  tntrimia  uu*itr  or  kOoitr. 
OB  the  other  hand,  is  the  absolute  activity  of  the  urtiun  irrrspceliiv  nf  cnndi- 
lian».  It*  value  c«nl>o  dpli^milnod  only  hy  ctiiniiiiiting  the  rlTert  of  conditions, 
■  matter  which  ia  tou  abatrnot  fur  ouiiaideruliuu  here.  The  upporeiil  uistivity 
is  tbc  praoticol  thing  which  wc  obxcrvti. 
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which  the  action  proceeds.  Thua,  if  the  for^einf;  Bection  be  re- 
examined, it  will  be  seen  that  we  Hpoke  throughout  of  the  speed, 
rather  than  of  the  tendency  or  activity. 

Finally,  temperature  and  other  oonditions  influence  also  the 
activities  tn,  and  therefore  the  spe^dfi  of,  Ihoee  actions  which  pro- 
ceed to  completion,  antl  are  not  reversible.  Henco,  unlejw  our 
statements  are  expressly  restricted  to  reversible  actions  and  to 
states  of  equilibrium,  they  apply  to  all  chemical  changes. 


The  h\flitence  of  Concentration.  — ■  In  the  first  place,  let  us 
asHunie  that  the  terapeiaturc  is  constant,  and  let  lis  confine  our 
attention  for  the  present  to  the  influence  of  concentration  upon  a 
chemical  reaction.  We  have  seen  (p.  178)  that  the  Bpced  of  a 
chemical  change  is  determined  by  the  frequency  with  which  the 
molecules  of  the  interacting  substances  encounter  one  another. 
The  frequency  of  the  encounters  amongst  a  given  set  of  molecules, 
resulting  in  ii  definite  chemical  change,  will  in  turn  evidently 
depend  entirely  upon  the  degree  to  which  the  molecules  are  con- 
centrated in  each  other's  neighborhood.  Larger  amounts  of  one 
of  the  materialfl,  for  exnnipio,  will  not  r«?«ult  in  more  rapid  chemical 
action,  if  iJie  iarRi^r  lunount  of  material  is  aLso  scBtteretl  through  a 
largfT  spare.  Chemical  chang08,  therefore,  are  not  aooelenttt^l  by 
ilicrcawng  the  mere  quantity  of  any  ingreilient,  but  only  by  in- 
creasing the  concentrUloa  of  Itx  mol«culei.  Tliua,  a  large  amount 
of  hydrochloric  acid  with  a  piece  of  zinc  will  generate  hy<irogen  no 
faster  than  a  smaller  amount.  But  sulwtitution  of  more  concen- 
trated acid  will  instantly  increase  the  speed  of  the  action.  In  the 
second  case,  the  number  of  moleculee  of  the  acid  reachuig  the  zinc 
per  second  is  greater,  and  this  action,  being  non-reversible,  pro- 
ceeds more  rapidly  to  complete  consumption  of  the  zinc.  So  a!.'<o, 
iron  bums  faster  in  oxygen  (100  per  cent)  than  in  air  (20  per  cent 
oxj'gen). 

With  a  reverable  action  the  effect  on  the  speed  is  the  same,  ex- 
cepting thai  the  eontinue<l  activitj'  of  the  reverse  action  prevents 
the  direct  one  from  reaching  completion. 

Thua,  if,  in  the  action  of  hydrogen  chloride  upon  oxj-gen,  wc 
introduce  into  the  same  space  an  extra  :imount  of  oxygen,  this 
facilitates  the  foniiation  of  Bteam  and  chlorine  by  increasing  the 
possibiUtios  of  encounter  between  molccuica  of  hydrogen  chloride 


and  oxj'gen.  At  the  same  time  tt  does  not  affect  (ef.  p.  72)  the 
number  of  enoouiit«TS  in  a  giveu  time  of  steam  and  cUurini;  moI«- 
culefl  with  one  another  which  rv«ult  io  tLc  m'cree  transformation. 
The  proportion  of  chlorine  (and  steam)  fonned,  therefore,  from  a 
given  amount  of  hy(ht>gen  chloride  will  be  greater,  altliuu^  the 
total  possible  (by  complete  consumption  of  the  nutcrials)  has  not 
been  altered,  since  the  quantity  of  one  ingrnlient  only  iias  been 
incieaaed.  The  introduction  of  an  excess  of  hydrogun  chloride 
would  have  had  pnedaely  the  same  effect. 

An  Experimetttal  Illustration,  —  A  reaction  in  which  the 
effects  of  different  concentrations  were  carefully  studied  by  01a«]- 
stone  (I85JJ  affords  a  good  illustration.  If  ferric  cliloride  and 
ammonium  thiocyunate  are  mixed  in  aqueous  solution,  a  liquid 
containing  the  soluble,  bloodied  ferric  thiocyanate  is  produc<Hl. 
The  compound  radicals  are  (NII«)  and  (CNS),  and  the  action  is 
s  simple  double  decomposition: 

FeCU  +  3  NHiCNS  j:a  Fe{CNS),  +  3  NH4CI. 

The  action  is  a  reversible  onc>  and  the  mixture  Ls  homc^ncous,  i.e., 
there  is  no  precijntation.  Now,  if  the  two  just-namod  salts  aro 
niix»I  in  verj-  dilute  solution  in  the  proportions  required  by  tho 
equation,  say  by  atlding  20  c.c.  of  a  decinormal  solution  (]).  124) 
of  each  salt  to  several  liters  of  water,  a  pale-reddish  [solution  is 
obtained.  When  this  is  dixHdeil  into  four  parts,  and  one  is  kept  for 
reference,  the  addition  of  a  little  of  a  concentrated  solution  of  ferric 
chloride  to  one  jar,  and  of  ammonium  thiocyanate  to  another,  will 
be  found  to  <ieepen  thp  color  by  producing  more  of  the  ferric  thit;- 
cyanate.  On  the  other  hand,  mixing  u  few  drops  of  concentrated 
ammonium  chloride  solution  with  the  fourth  portion  will  Im>  found 
to  remove  the  color  almost  entirely,  on  accouut  of  its  influence  in 
accelerating  the  backward  change. 

The  Law  of  Molecular  Concentration. —  "Vhc  general  prin- 
ciple disctiss4.'d  and  llltisl rated  in  tlii.-*  section  m;iy  be  called  the  law 
o(  molscul&r  conc«ntr»Uon,  and  miiy  be  stated  i\s  foJiowE:  In 
•vary  ohemloal  change  the  apparent  actirity,  and  therofore  the  speed 
of  the  action,  i>  proportional  to  tha  molecular  coneentratEon  of  each 
Interacting  substance.  Tliis  holdti  whether  the  action  is  reversible 
or  not. 
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We  HhaJI  next  ^vf:  a  moro  precise,  Aemi-matbcouttical  fonnula- 
tion  of  thu  luw,  as  this  formulation  will  be  of  um.-  later,*  and  then 
procec<l  to  illustrate  the  Appltc»liou  of  Ibc  law,  by  showing  tiow 
it  explains  large  classes  of  actions  of  which  wo  have  ahvad>'  en- 
countered many  examples. 

*Formulation  of  the  Late  of  Mol^cutar  Concentration. — 

The  mathcnijitieid  formulation  of  llii-  law  dutenbing  the  inBuonce 
of  tl)C  concentration  of  the  molecult^^  of  each  participating  sub- 
stance upon  the  speed  of  the  action  is  extremely  simple.  When  the 
actual  concentrations  of  the  nioleculex  are  specified  (in  molct*, 
pp.  102, 125,  per  titer),  and  the  speed  is  suitably  expressed  (in  moles 
transformed  per  minute  or  per  hour),  we  find  that  the  ^leed  is 
proportionnl  to  the  concentration  of  UK'h  molecule  appearing  in 
the  moleeular  equation  for  the  action.  Thus  In  the  interaction  of 
hydrochloric  and  hypocldorous  acids  (the  reverse  of  the  action  of 
chlorine  on  wattrr.  pp.  Itil,  178),  if  fHCl]  and  [HC10|  repn-sent  the 
coQcirutrntions  of  the  molecules  HCl  and  HCIO,  and  J:  is  a  con- 
stiuil,  and  S  is  the  speed,  then 

[HCl]  X  [HCIO]  X  i  -  5. 

Again,  for  the  dinociAtion  of  phosphorus  peotadlloride  vapor 
into  phosphorus  trichioride  anil  rlilorine  (p.  117):  PCU— »PCU  + 
Clj,  if  |P(-'liI  represents  the  concentration  of  the  PC\i  moleciilea,  ti 
is  a  constant,  and  ^i  is  the  speed  oi  decompodition : 

[PCU]  X  ti  =  St. 

Similarly,  for  the  reverse  action:  PCI,  +  CI,  —  PCU,  if  [PCy  and 
|CI)]  stand  for  the  molecular  eoncentrations  of  these  substances: 

[PC^l  X  [(1,1  X  i,  =  .%. 

The  ctmstant  has  a  different  value  in  each  separate  action.  It 
includes  the  value  of  tlic  intrinsic  affinity  or  activity  of  the  sub- 
stances, and  the  cjitalytic  effect  (p.  2ft),  if  any,  of  the  materials 
present. 

*  Thiti  rurmulatiou  of  tlii>  law  in  not  rnquircd,  or  nfcnvd  to  in  thii  enctiona 
wblch  foUov.  The  MH^ion  ftnd  the  foIlowioK  one  may  theivforv  h<^  omitted 
for  the  ptuent  and  bo  fken  up  in  miiDeDtiQai  with  Cbiqia.  XX  suid  XXXV. 
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Formulatiitn  of  thf  Condition  Jor  Chemical  Equilibrium. 

—  The  furogoiiig  plan  nmj-  bo  used  further  to  foniiulatt'  tha  wm- 
ditlon  for  chmilcBl  •quUibriam.  A;^  wv  httvu  ivfii  (\t.  179).  a 
charactcriAlio  of  a.  »yitcm  in  chciuieo]  vquilibriuiii  is  ttiAt  the  ti])e«<ls 
of  the  forwiird  uud  revoree  nvtioDS  hnve  bcioriie  o^uul.  If,  then, 
[PCls]«,n,.,  |PCU]«tn>.t  ("kJ  IGIiI«^.  uow  n-prcenMit  the  molecular  con- 
eciitrations  when  the  systCJii  has  reached  ftiuilxbrium,  then,  since 
thv  speeds  are  equal: 


[PO,]^.  X  [aj^m.  X  A,  =  [PCUjeq^x  K 

iFcui.qn,.  X  ra,u„,.  _  h 


(PCU], 


tqoi. 


=  ^  =  constant. 


tit^^ 


Tn  wortbt,  this  means  that  if  we  change  the  amount  of  the  penta- 
olilorido  plaei'd  in  the  vfiwi-I,  or  if  wc  use  amounts  of  ihloriiie  and 
trichloride  which  are  not  equivalent,  the  numerical  value  at  cquiUb- 
rium  of  each  concentration  {(PCli]  etc.)  will,  of  course,  be  differ- 
ent, but  the  product  of  the  conwntnitioui!  of  triclJoride  and 
chlorine,  divided  hy  the  concentration  of  the  peutiichloride,  will 
always  give  the  kuiic  numerical  value  for  the  consluiit  nt  the  siune 
teiiipcruturc.  This  numerical  value  is  called  the  aquiUbrium 
constuit. 

Applications:  Thf  Fortrard  Action.  Hnmogmeous  and 
InbomogMiettnn  Syslvmi'.  —  While  thei-e  are  all  deRreeft  of  s[)eod 
iu  ehetnicn!  itctitms,  jet  in  practice  wc  quickly  distinguish  two 
different  <'la.'ise3.  There  is  a  class  of  actions  of  which  moflt  exam- 
ples are  almost  instantaneously  accomplished,  and  a  class  in  which, 
fn^qucntly,  the  operation  takes  minutes  or  even  hours.  Tlie 
cK'tses  overlap,  but,  in  a  general  way,  the  following  distinction  may 
Iw  made. 

To  the  former,  speedy  class  belong  the  explosion  of  hydrngen 
an<i  oxj-gen  or  other  gaseous  mixtures,  and  the  interactions  when 
mlutions  are  mixed,  as  in  precipitations.  In  view  of  the  foregoing 
explanations,  we  perceive  that  the  rapid  aocompliihment  of  such 
actions  U  duo,  not  ao  much  to  any  especially  great  intrinsic  iiiBnity, 
as  to  tha  homogeneous  stMe  of  mixture  of  the  InterecUng  materiaU. 
This,  of  course,  is  a  purely  phyacjil,  and  not  a  chemical  motive  for 
speedy  interaction.  Iti  tntimatv  mixtures,  every  molecule  has  an 
equal  opportunity  freely  to  encounter  every  other  mok'cule  and 
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there  is  therefore  no  mecbankaJ  UnpedimeDt  to  the  operation  of 
the  aSmities  of  the  substances.  Hence  the  apparent  activity  is 
great. 

To  the  second  chaa,  compnang  the  slower  actions,  bekmg  cases 
like  the  interaction  of  a  piece  of  zinc  with  hydrochloric  add,  or  ot 
manganese  dioxide  (p.  1^)  with  the  same  acid,  whereby  hydrogen 
and  chlcHine,  reepecti^-ely,  are  slowly  evolved,  and  the  solid  is  grad- 
ually consumed.  Here  the  hmdrtmce  is  evidently  the  fact  that 
the  interacting  3iil}«!t3n<M«  are  not  intimatHy  mLxed.  In  the  slow 
Mttons.  th«  Brst«m  is  tntuMnogeneous.  Pulverizing  the  solid  before 
mv  will  increase  the  speed,  indeed,  by  providing  more  surface  and 
better  mutual  contact,  but  will  not  transfer  the  action  to  the  rapid 
dasB.  It  is  chiefly  the  dissolivd  part  of  the  substance  which  inter- 
BCl.-*,  for  chemical  action  takes  place  between  molecules,  and  only 
the  dissolved  part  is  diantegrated  in  such  a  way  that  the  molecules 
arc  readily  accewiUe.  Thus,  the  action  is  held  bock  by  oonUnual 
waiting  fw  the  slow  replenishn>eut,  from  ilw  "inmlubic"  solid,  of 
the  supply  of  difBolvod  molccuk-s.  In  llto  casei*  cited,  the  restrain- 
infn  influence  of  the  di:««olving  process,  which  is  part  of  the  wholo 
phenomenon,  may  i>c  formulated  thus: 

Zn(9olid)  =»  Zn(dalvd)  +  2HCI  -.  ZnCl,  +  Hj. 
MnO,(soUd)  t3  Mn0.(d8lvd)  +  4HQ  -*  MnCl,  +  2H,0  +  CI,. 

Here,  i^atn,  the  mechanical  debuts,  depending  on  ph>-sieal  prop- 
nties,  have  more  to  do  with  tiic  progrt^  of  the  action  than  hiis 
the  chemieid  affinity.  In  terms  of  the  law  of  conceutration,  the 
action  is  slow,  and  the  apparent  activity  small,  becAuse  the  con- 
centration of  the  neting  molecules  of  one  of  the  sul>stanccs  is  very 
small,  and  cannot  be  increased  because  of  low  solubility. 

.4pf^irations:  The  Reverse  Action.  DUplacement  of 
Etiuilibria.  —  We  have  -■a.-en  (p.  182)  that  one  way  in  which  n  re- 
versible a<iiou  limy  be  forced  nearer  \o  completion,  in  one  direction 
or  the  other,  u  the  introduction  of  au  excess  of  one  of  tJiu  ingre- 
dients contributing  to  the  forward  action.  This  method  of  dis- 
placing the  equilibrium  point,  howe^'Cr,  cannot  Ik^  ver>-  effective, 
unless  it  is  posailile  to  introduce  an  exceedingly  large  cxcvss  of  the 
■elected  ingredient  in  a  high  decree  of  molecular  concentration, 
BJncc  this  operation  docs  not  in  any  watj  affect  or,  in  particuka; 
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ratrain  the  reverse  action  which  is  continually  undoing  the  work  of 
the  forward  one.     A  much  more  efTective  iue*na  of  furUivrins th« 
desired  direction  of  aucb  actiona  la  found,  therefori?,  ia  tb«  r«itr»lnt 
or   prutifi&I    umultnent   of  th«  revarBe   action.     A   good    wity  aSi 
iii'corti])! lulling  tliis  h  to  allow  tbe  producta  of  tba  dlrvct  action  tol 
aeparate  Into  an  inhomogenftous  mixture.    Any  agcitpy  which  could] 
remove  the  water  vapor  as  fast  as  it  was  formed  by  the  iiiternc 
tioii  of  hy<lrogen  chloride  and  oxj'gen,  for  example,  would  entirclyl 
Rtop  the  reproduction  of  these  substajices,  and  so  would  enabtoj 
the  forward  action  (4HCI  +  Oj  — » 2HiO  +  Clj)  to  run  to  cx/mplelum. 
This  might  be  reaJizcd  by  causing  one  end  of  a  sealed  tube 
charRed  with  the  sulMtances,  after  the  contents  had  settled  down  i 

to  a  condition  of  equilibrium,  to 
project  from  the  bath  in  which  tha  | 
whole  had  been  kept  at  MS"  (FiR. ' 
74,  which  is  simply  diagrammatic). 
By  cooling  this  end,  a  large  part' 
of  the  steam  would  quickly  be  con-  j 
denied  in  it  to  the  liquid  form, 
while  the  other  substances  would  nrmain  gaseous.    In  other  words,  i 
the  concent  riition  of  the  water  vapor  would  be  greatly  reduced.    In  | 
fact,  only  the  trace  of  vapor  which  cold  vh\U.-t  gives  would  then  be  ] 
available  to  interact  with  the  chlorine,  andreiiroduec  hydri^en  clJo- 
ridc.    Meanwhile  the  deeomiKwition  of  the  luttvr  would  go  on,  and 
thus,  eventually,  ahnost  all  the  water  would  be  found  in  one  end  of 
the  tube,  and  the  chlorine,  all  free,  would  occupy  the  reM.     By  this 
purely  mechanical  adjustment  the  chemical  change  would  therefore 
be  carried  from  80  per  cent  compilet  ion  to  almost  absolute  completion: 
4HC1  +  O,  FS  2C1,  +  2U:0  (vapor)  t=  2H/)  (liq.) 
If,  on  the  other  hand,  arrangements  were  made  to  have  pow- 
dered marble,  in  a  sealed  bulb  of  thin  glass,  enclosed  in  the  tube, 
wc  might  imagine  the  very  opposite  of  tbe  above  effect  to  be  pro- 
duced.    The  breaking  of  the  bulb  of  marble,  when  equilibrium 
had  been  reached,  would  provide  means  for  the  removal  of  all  the 
hydrogen  chloride,*  while  the  other  three  substances  would  still  be 

*  Tb«  hvdrogm  chloride  would  be  destroyed  by  inimuttion  with  the  marble: 
2HC1  +  CaCO,  —  C«Ci,  +  CO,  +  H,0. 
The  caleiom  chloride  is  a  solid.    The  lou,  carbon  dioxidft,  dora  not  internet 
with  the  other  substantcB.  and  would  not,  therefore,  interfere  witli  the  formic 
tion  of  freah  hydiugeo  chloride. 
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gnaeotu.  Thus,  the  compouDd  (HCI)  having  beeo  reduced  in 
oonccDtrAttOQ  to  th«  point  of  being  removed  entiidy,  there  «-ould 
be  oo  diret-t  aetkm  to  undo  tbe  work  of  the  reverse  Bctioo.  The 
whole  chloriDe  would,  therefore,  soon  have  paaed  through  (be 
form  HQ.  Hence,  by  another  mechankal  arrangement,  an  action 
which  ordinarily  could  progress  to  only  20  per  cent  would  be 
turned  into  a  complete  one: 

2C1,  +  2Hrf»  ja  2H,0  +  4Ha  (+C»00,-»CaCU  +  Hrf)  +  COO- 

RmMrsihtUty    llnuatly    Avoided.  —  In    every>day    nh^'n'i^J 
work,  since  our  objn-t  i^  usually  to  prepare  some  one  substaDoO 
dten^Bta  either  avoid  chemical  ehangee  which  are  notably  re* 
versible,  or  adjust  the  conditions,  as  is  dcmc  in  the  fon>K0ing 
tllustrationR,  so  that  the  rf^verse  of  the  action  which  thoy  desire  18 
prevented.     In  consequence  of  this,  when  carrjinK  out  the  direc- 
tions for  making  familiar  preparations,  the  fact  llkat  such  aotioDfti 
are  reversible  at  all  ver>'  readily  escapes  our  notice.    Arranginn 
the  ctmditions  so  that  the  separation  of  a  solid  body  by  predpita- 
tion,  or  the  liberation  of  a  gas,  takes  place,  are  the  two  commonest 
ways  of  rendering  a  reversible  action  complet«.     ExopJIent  px^ 
amplcs  of  both  of  these  are  furnished  by  the  chemical  changal 
used  in  producing  hydrogen  chloride  by  the  interaction  of  salt  andl 
sulphuric  acid,  tbe  full  dtscuesion  of  vrbich  (p.  142)  should  now  be 
studied  attentively  in  the  light  of  these  ejqdanations.  ■ 

History.  —  The  conceptions  dtscusecd  in  tliij!  chapter  are  not 
new,  although  they  have  conic  into  general  use  rather  recently. 
The  law  of  reaction  speed,  and  the  influence  of  the  concentnitions 
of  the  reacting  Bubntancc  thereon  (p.  183),  waa  set  forth  andj 
formulated  by  Wilhelmy  as  early  as  1850.  Gladstone  (l86S)l 
studied  quantitatively  the  influence  of  concentration  in  casoi  of 
chemical  equilibrium  (p,  182).  The  kinetic  explanation  {p.  178) 
was  developed  by  Williamson  (1851).  Finally,  the  lu^^'s  of  chemical 
equilibrium  were  formulated  more  explicitly  and  applied  more 
thoroughly  by  two  Swedish  chemists,  Guldberg  and  Waage 
(1864-9). 

The  Injluence  oS  Temperature  on  the  Speed  <^  any  Re- 
ocHon.  —  The  activity  of  ctiemicul  cbauge,  and  therefore  tb« 
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•p«»d  of  all  chsmical  cbuiffoi,  is  inoreawd  b;  railing  tlw  Umpenture 
tuid  diiuiiu»hi'd  by  lowering  it  (i^.  |).  59).     ThuR,  zinc  displaces  ^ 
hydrogcu  more  rapidly  from  hot  thaii  from  cold  hydrochloric  acid,  H 
DiffiTcnt  jn-tioiis  arc  iifTLTlod  in  different  dcgr«s,  and  no  wraple  ~ 
rule  accurately  defining  the  efff«t  can  lie  given.     Roughly  speak- 
ing, however,  a  rise  of  10°  doubles  the  speed  of  every  action, 
rise  of  100°  will  therefore  make  the  speed  rouRhly  1024  tinies-^ 
greater.     Hence,  when  the   chejnist   finds  that  two  substances 
show  no  evidence  of  internetion,  he  infers  that  there  must  be  either  i 
slow  action  or  none,  and  he  .seeks  to  settle  the  question  quickly  by"^ 
heating  the  mixture. 

The  Influence  oj  Temperatitre  on  a  System  in  Equitib' 
rium.  —  In  a  reverisihk'  change  the  two  opposing  reactions  are 
diffwni  actiam  and  their  .^iw^'ils  are  thereJore  affected  in  diffrrenl 
dfgreex  by  the  same  alt^^ration  in  temi>erature.  Hence,  when  the 
tein|)erat»re  is  changed,  the  relative  amount  of  the  two  sets  of 
materials  present  is  altered  and  the  equilibrium  is  displaced.  Thus, 
in  Deacon's  process,  a  rise  of  40°  in  the  temperature  displaces  the  ' 
equilibrium  backwards  (p.  180),  and  diminishes  the  yield  of  chlo- 
rine by  5  per  cent.  In  the  vapor  of  phosi>horus  pentaohloridc 
(p.  117),  the  displacement  is  in  the  opposite  direction.  'I'he  vapor 
is  a  mixture  of  the  pentachloride  with  the  trichloride  and  free 
chlorine:  PCU  ?=:  PCU  +  C-V  At  200°,  51.5  per  cent  of  the 
material  is  present  as  pentachloride  and  4K.5  per  cent  as  trichloride 
and  chlorine.  Raising  the  temperature  to  250°  changes  the  pro- 
portions to  20  per  cent  and  SO  per  cent,  respectively.  At  3(X)''  only 
3  per  cent  of  the  pentachloride  remains.  Evidently,  here,  raising 
the  temperature  favors  the  decomposition  of  the  pentachloride, 
and  therefore  increases  the  speed  of  its  dissociation  more  than  it 
does  the  speed  of  tJic  reunion  of  the  trichloride  and  chlorine. 


Pan*t  llqlBTs  Late.  —  One  use  of  a  law  is  to  enable  us  to  answer 
a  question,  when  we  have  not  in  memory  the  fact  constituting  the 
answer,  and  even  when  we  have  never  read  or  heard  the  fact.  The 
law  or  ride  enables  a  little  reasoning  to  take  the  place  of  a  vast 
amount  of  uiemorizing.  Thus,  to  answer  the  question:  Does 
sodium  chloride  alwaj's  have  the  same  composition,  it  is  not 
necessary  to  have  read  and  to  remember  all,  or  any  of  the  numerous 
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investigations  of  Itus  subittuiicc  tluit  huv«  bocu  uuvdt.'.  We  simply 
refer  the  question,  mentftUy,  to  the  Unv  of  liefiriitc  proportions, 
anil  say  "yes."  Now  the  facts  mentiouod  iibovc  arc  conncctwl 
by  A  law  which  will  an)<wer  man>'  practical  questions  lo  chemistry. 
When  phosphorus  tirichloride  and  chlorine  combine  (to  form 
PCU).  hml  i«  ffiiwi  out.  Conversely,  whcu  phosphorus  penta- 
chloride  dissociates,  A«tU  ia  absoAed: 

PCI.  +  30,000  cal.  ?=t  PCI,  +  CI,. 

Now,  when  the  temperature  is  raised,  the  action  proceejls  in  the 
direction  of  decomposing  more  of  the  pentachloride.  That  is,  the 
equilibrium  is  displaced  in  the  direction  which  absorba  heat. 

In  Deacon's  prot.cr«,  wc  find  that  the  interaction  of  hydrogen 
chloride  and  oxygen  libtTaUs  firat, 

4HC1  +  0,  fii  2HjO  +  2CU  +  28,000  cd., 

Kod  in  this  action  raisitig  the  temperature  drives  the  equilibrium 
backwards,  and  a  lowering  in  the  temperature  is  required  to  increase 
the  yield  of  chlorine. 

The  rule  is  obvious,  and  applies  to  all  rcvcisiblu  reactions: 
Wben  th«  temperature  ol  a  aystem  in  equilibrium  is  ridsed,  the  equlr 
Ubilum  point  is  displaced  in  the  direction  which  absorb!  heat.  Id 
other  words,  a  rise  in  temperature  favors  the  iuteraction  of  that 
one  of  the  two  sets  of  materials  to  which  the  hi-nt  is  added  (+  lagn) 
in  the  cfiu.ilion.  If  the  equation  happens  to  be  written  with  a 
negative  heat  of  reaction  (e.g.,  p.  175),  the  heat  can,  of  conrse,  be 
transferred  to  the  other  side  with  its  sign  changed.  Iliis  law  is 
known  as  Tan't  HoD's  law  ot  mobile  equilibrium. 

This  law  is  of  practical  value.  More  than  onee,  in  chemical 
factories,  much  time  and  money  have  l>een  spent  on  trying  to 
aTTAnf-e  machinerj'  to  give  a  better  yield  of  some  substance  at  a 
high  temperature,  when  a  reference  to  this  law  would  have  shown 
that  the  chief  change  necessary  was  to  use  a  lower  temperature. 
We  shall  frequently  have  occasioii  to  refer  to  thia  law. 

Application  to  Phyaicat  Efpiitibria.  —  Van't  Hoff's  law 
applies  alao  to  physical  proces-ses.  Thus,  as  the  temperature  rises, 
a  sub«tlance  which  absorbs  heat  in  dissolving  will  become  more 
soluble.    UTlis  is  the  commoner  case,  as  is  ahowii  by  the  way  in 
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n-IuL-h  tno«t  solubility  curves  (Fig.  58,  p.  131)  ascend  with  risng 
tvinpi-nttun!.  Conversely,  a  substtuioc  which  gives  out  heat  in 
dieeolving  is  laa  soluble  with  risiug  temperature  in  ft  solutioa 
nlrwuiy  almuet  suturat«<l  with  the  eofiipound.  For  example,  anhy- 
iinni»  sudiuin  t<ulphut«  ^vc6  out  brat  iu  cUjeolving,  and  so  ita 
solubility  diiainisbcs  (Fig.  59,  p.  132),  with  ristng  temperature. 

AgAiD,  the  vaporisation  uf  a  liquid  absorbs  beat,  and  so  an  m-j 
crease  in  temperature  will  iucrui^c  the  pressure,  and  therefore  U»■^ 
concentration  of  its  vapor  (p.  87). 


Le  Chatetier^s  Late.  —  The  abovt!  mentioned  law  18  really  a 
particular  case  of  a  more  genera]  on?.  U  some  Btnu  {f.g.,  by 
change  of  temperature,  pressure,  or  concentration)  Is  liroucht  to 
b«ar  on  a  syitAnt  in  equillttrium.  tha  equlUbrium  is  displaced  in  tha 
direction  which  tends  to  undo  the  eSect  of  the  ■treu.  Thus,  raising 
thp  t^'inptrature  fiiiihcrrs  the  change  which  absorbs  heat  —  and 
therefore  would  tend  to  lower  the  temperature.  Increasing  the 
concentration  c^  the  molecules  pushes  the  action  in  the  direction 
which  uses  up  these  verj-  molecules  (p.  181).  Again  pressure 
causes  toe  to  melt,  because  the  watt-r  which  is  formed  occupies  a 
smaller  volume,  and  this  chfinge  tends  to  rchovc  the  pre»ure. 
But  pressurv  will  not  cause  nioHt  subslunccs  to  mvit,  because 
usually  the  Ii(]ui<{  furrti  occupies  a  greater  volume  and  it«  produc- 
tion would  tend  tu  increjuw  pressure. 

Summary.  —  Id  tlus  chapter  we  have  answered  three  ques- 
tions: 

1,  Why  do  some  chemical  actions  cease,  while  still  incomplete? 
Answer:  They  are  reversible. 

2.  What  explains  the  position  of  the  equilibrium  point?  An- 
swers: (a)  Equal  effects  of  opposed  molecular  actions;  (6)  Equality 
in  speed  of  opposed  reactions. 

8.  What  will  displace  the  equilibrium  point?  Answer:  (a) 
Change  in  concentration  of  one  (or  more)  of  the  substances;  (6) 
Change  in  the  temperature. 
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ExeTcis99.  —  1.  Explain  the  completeness  of  the  action  by 
which  hydrogen  chloride  and  wator,  respectively,  arc  formed  by 
direct  union  of  the  elements. 
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2.  Explain  the  completenees  of  the  Action  by  which  silver 
chloriilo  (p.  MS)  is  fonned. 

3.  Explain  why  the  decompontion  of  potasaum  chlorate  is 
complete. 

4.  Ill  view  of  the  statement  on  p.  H,  explain  why  mercuric  oxide 
is  completely  (leconipo«e«i  by  henting.  Point  out  the  resenihlanoe 
between  Ibis  ejciieriment  and  the  imaginary  one  illustrated  in 
Kig.  74  (p.  180). 

5.  Why  can  magnetic  oxide  of  iron  be  reduced  completely  by 
B  stream  of  hydrogen  (p.  59),  and  iron  oxidized  completely  by  a 
current  of  steam  (p.  .M)? 

6.  With  the  phosphorus  pentachloride  Kysteni,  Bay  at  250°,  what 
eiTect  would  suddenly  enlnrging  the  space  containing  a  given 
amount  of  the  vajwr  produce?  What  would  be  the  effect  of  tli- 
minishtng  the  sjmpe?  What  would  be  the  effect  of  introducing 
additional  chlorine  into  the  same  space  (p.  181)7 

7.  By  what  practical  meana  could  the  degree  of  dissociation  of 
sulphur  vapor  (S()  be  reduced,  without  changing  the  temperature 
(p.  117}? 

8.  What  inference  should  you  draw  from  the  fact  that:  (a)  the 
sdubilities  of  potn^ium  nitrate  and  of  Cilauber's  salt  (p.  132) 
increase  with  rist^  in  temperature;  (6)  that  those  of  calcium  hy- 
droxide (p.  130)  and  triethylamine  decrease  with  rise  in  tempera- 
ture? 


CHAPTER  XV 


THI  HALOOXH  PAMIL? 

Thb  liiimfiiilii  to  which  wc  have  eo  far  devoted  mot^  uttCDtion 
have  been  oxygen,  hydix^-n,  and  chlorini.'.  If  wc  rt-nill  thi-  chemi- 
cal proportieti  and  relutious  of  llusfc  ck-iiicnU  v-v  ^liall  recugnixc 
the  fact  thjit  thoy  all  possess  very  dUtiuct  uidividualitics. 

The  ChemifMt  Relntionn  of  F.lem«nU.  —  Hydrogen  U  a  sub- 
stance (p.  58)  which  uiutcs  readily  with  (ix>-gi'.ri  and  chlorine, 
less  readily  with  othecnoQ-metals,  and  si'srccly  at  all  wilh  iiiplals. 
Oxygeu  aiid  chlorine  resemble  each  other  somewhat  in  the  great- 
ncflfl  of  their  chemical  activity  and  the  variety  of  free  elements  with 
which  they  are  capable  of  unit  iiift,  but  differ  markedly  in  what  we 
have  called  their  chemical  relations  (p.  16.1),  The  resulting  com- 
pounds belong,  in  fact,  to  quite  different  clawes  —  oxygen  forma 
oxides,  chlorine  forms  chlorides  —  and  elements  ue  considerod 
■Imilar  onlj  when  they  resemble  each  other  in  chemical  relatii>ns, 
and  produce,  by  combination  with  the  same  element,  compounds 
baTlnic  almU&r  chemical  proi)ertle8.  Thus,  the  common  oxide  of 
hydrogen,  water,  is  a  ncutrjil  suljetimce,  and  is  chcmi«illy  rather  in- 
different. The  chloride  of  hydrogen  in  aqueous  solution  is  a  strong 
acid  and  is  chemically  very  active.'  If  all  the  other  chemical  ele- 
ments differed  from  one  another  as  much  as  do  these  ttree,  they 
would  be  incapable  of  classification.  In  reality,  however,  we  find 
that  the  elements  can  be  groupetl  together  in  !*cts.  They  are  classi- 
fied according  to  the  kind  of  suijstiiuces  with  which  they  combine 
and  the  chemical  niiture  of  the  products.  In  sonic  ftmiilies  the  re- 
semblance is  close,  in  othcrR  le^  close.  The  present  group  is  of 
the  former  class,  and  will  serve,  therefore,  as  a  convenient  bcgin- 

*  The  diO'eroiw  between  oxides  and  chloride  ie  seen  in  tbeir  beliavior. 
Thus,  ozidM  often  iinitr  wilh  witt«r  to  form  adda  or  btuoa  (p.  04).  t'hloridrai 
do  not  unite  with  walcr  lo  form  new  eubntancea  with  nutrked  characlerifliea 
(</.p.«). 
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Ding  in  the  work  of  trsciiif;  relations  betweeo  the  demeots  au4  in 
dusifying  the  fnds  of  deecriptive  chemiitiy. 

The  Chemii^l  Relation*  of  the  Halogen*. — The  bromide 
(NaBr),  iodide  (N'al),  and,  to  a  kas  extent,  the  fluoride  (NaF)  of 
Bodiiun,  resemble  sodium  ehtoride  (NaT!)  in  appeannce  and  be- 
hainor.  From  this  fact,  chlorine,  bromine,  iodine,  and  fluorine  are 
known  as  the  halofons  ((ik.,  ixiU  jirodutm),&nd  their  compounds 
are  named  ths  halidea.  The  bal<^;ens,  as  the  above  formulc  show, 
are  univalent.  Ttiey  all  form  compounds  irith  hydrogen,  and 
these  compounda  closet>*  rewunlde  hydrogen  chloride.  For  ex- 
ample, they  are  colorless,  they  are  gasoB  (except  hydrogen  fluoride, 
a  very  volatile  liquid),  tbey  are  very  atduble  in  water,  and  their 
sfdutioDs  are  acids.  Other  relations  vnO  be  given  in  a  summary 
at  tlu'  end  of  the  chapter. 

Bkumine  Brt 

Occurrence.  ^  The  compounds  of  chlorine,  bromine,  and 
iodine  usually  occur  together  in  nature,  white  the  compounds  of 
fluorine  are  not  found  in  the  same  sources.  Bromine  occurs 
chiefly  in  the  form  of  the  bromides  of  sodium  and  maitnesium,  in 
the  upper  biyens  of  the  oatunil  Wds  of  rock  salt.  LJebig  made  it 
from  this  source  and  a  little  later  Bal- 
lard (1826)  made  it  also  and  rceogniied 
it  as  a  now  dement. 


I 


Preparation.  —  In     the    clicmical 
point  of  view  there  are  three  diHtinet  "*  '*' 

ways  in  wliich  bromine  is  made.  1.  The  first  of  these  is  clotsdy 
relute<l  to  the  eunmion  niethod  of  preparing  chlorine  (p.  158). 
As  hydrobromic  acid,  unlike  hydruelilurie  acid,  is  not  formed  ex- 
tcnsivdy  iu  eonncction  n4th  any  chemical  industry',  iK>taiHiuin 
bromklc  is  lrent*d  in  a  retort  (Fig.  75)  with  con<^nlrated  sul- 
phtu-ic  acid,  and  the  product  is  oxidized  with  powdered  niiuigane^e 
dioxide  in  oite  operation.  (For  etiuation  sec  next  section.) 
Bromine  bdng  a  vobtili;  liquid,  whUe  the  sulphates  of  potassium 
and  nmnKiuwse  are  involatile,  its  vapor  passes  ofT  when  the  alwve 
mixture  b  heated.  It  is  condensed  in  a  flask  surrounded  by  cold 
water. 
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2.  The  Etecond  method  of  preparing  bromine  depends  on  the  fact 
that  chlorine  is  a  more  active  elejncot  and  ditiplacea  bromine  from 
combination.  When,  therefore,  chlorinp  is  paeswl  into  a  solution 
of  potassium  or  sodium  l}romid(>,  potassium  or  sodium  chloride  is 
formed  and  the  bromine  liberated: 

2NaBr  +  CI,  —  2NaCI  +  Br,. 

When  the  liquid  is  warmed,  the  bromine  pueHes  off  along  with  a         i 
part  of  tlie  wat«r,  and  may  be  condensed  as  before.  fl 

3.  Aqueoti»  8olutioti»  of  soluble  bromides  may  be  decomposed 
by  means  of  a  current  of  electricity.  The  bromine  is  set  free  at  the 
positive  electrode.  ^ 

Commercial  Extrartion.  —  Two-thirds  of  the  world's  supply 
i«  obtained  from  Kta.'wfurt,  where,  aftw  the  extraction  of  the 
potsBsium  chloride  from  the  impure  oamaUlt*  (KC1,MkC'1,.6H,0), 
the  mother-liquor  is  foi^nd  to  contain  the  more  soluble  sodium 
and  mjignesium  bromides  in  considerable  quantities.  The  warm 
muther-liquor  trickles  down  over  round  stones  in  a  tower,  'ITie 
chlorine  is  introduced  from  below  and  dismlves  io  the  liquid.  Tlie 
bromine  is  thus  liberated  and  passes  off  as  vapor.  A  part  of  our 
Biippiy  of  bromine  is  obtained  from  the  brines  of  Ohio,  West 
Virginia,  and  Kentucky,  from  which,  after  most  of  the  common 
salt  has  been  removed  by  crystallixation,  the  bromine  ia  obtained 
by  the  first  method.  In  Michigan  the  brines  are  treated  with 
electrolytic  chlorine  by  the  second  method. 

Partial  Kquationa,  a  Plan  for  Making  Complex  Equations. 

—  When  on  iX|U!ition  involvct  nwre  iHan  two  initiid  sulwtanci'*  or 
products,  as  does  the  one  for  the  first  met)io<l  of  preparing  bromine, 
it  cannot  readily  be  worked  out  by  the  method  formerly  recom- 
mended (p.  5!).  After  the  formulw  of  all  the  substances,  on  both 
sides,  have  been  set  down,  it  is  difTicult  to  hit  upon  the  proper  co- 
efficients required  to  balance  the  e(itiation.  In  such  cases,  a  good 
plim  is  to  select  two  of  the  initial  substances,  and  make  a  partial 
•quatloQ  showing  part  of  the  action  and  including  at  least  one 
actual  product.  Any  unused  units  (not  constituting  a  product) 
are  then  set  down  also  and  treated  as  a  balance.    Thus  the  first 
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two  of  Ik* 
■ilphkte: 

Parti^  J:         KBr  +  Q^tX^  KBSQ,  (+  HBr) 
Partiat,t:    IbQ.  +  Hi@Qi -^ MidOh  +  HiO {+ O). 


llUMiM^llhl^l 


0) 
C3) 


We  tbm  percarg  that  tb«  breounc  most  ajtat  from  the  oroktirm 
of  the  &nt  tMkaee  (HBr)  bgr  tiie  aettni  (O): 


Forti<J,5.- 


(OTBr)  +  QO)-*HJO  +  Bt^ 


(3) 


The  Uiird  putnl  eqaation  akm  that  2HBr  will  be  needed  for  the 
aOMMint  of  O  ohtahuble  frocn  UnOh  so  ire  go  t»ck  to  (1)  u»d 
multiply  it  b}-  tvo  thrm^boBt: 

2KBr  +  2B^4  —  2KB%,  (+  3flBr).  0) 

MnO,  +  B^.  -^  MnSO,  +  H,0  (+  O).  (2) 

(2HBr)  +  (O)  -^  n,0  +  Br.. (3) 

2KBr  +  3HiS0<  +  MnOit  —  2KBS0.  +  MdSO,  +  2H|0  +  Biv 

niMn  we  BOW  add  the  real  aabataiiees  oaed  aod  prodtMcd,  as  th«3r 
occur  in  these  partial  equations,  and  leave  out  the  balatMes,  which 
have  been  adjusted  so  as  to  cancel  ooe  anothv,  it«  obtain  the  final 
equation  for  tbe  aettoa.  It  must  be  obacrrtd  that  this  subdi\-i- 
sioR  of  the  action  into  part«  is  a  pun-ly  arithmptiol  device.  It 
is  sttQ  true,  however,  that  w  arc  sided  in  the  selection  ol  partial 
actiofiB  at  each  step  b>'  following  some  plausible  theoiy  as  to 
Btagee  for  tbe  ariioa  which  would  be  cbcoucsBy  cooceivablc. 

Phyitical  Prop*rtie».  —  Bromine  is  a  dark-red  liquid  (sp.  gr. 
3.1$).  It  boib  at  59*,  forming  a  deep-red  vapor,  and  even  at  ordi- 
nary temperatures  gives  a  high  vapor  pressure  (150  mm.  at  18°)  and 
evaporates  quickly.  When  cooled  it  forms  red,  needle-ehapet) 
er>-frta]B  (m,-p.  —  7.3°).  K  saturated  aqueous  solution  (bromlno- 
wstoi)  contains  3  parta  of  bromine  in  100  parts  of  water.  Tbe 
dement  ia  much  more  soluble  in  carbon  disutpbide,  alcohol,  and 
otho-  organic  sokenta.  Up  to  750",  the  O.M.V.  weighii  160  g. 
(corresponding  to  Br*),  against  2S.955  g.  for  air. 


Bromine  (Gk.,  a  stench)  has  a  most  pungent  odor. 


I*  t.« 
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very  irritiiting  cETcct  on  tlio  tuucous  mcuibruatf  of  tJic  DOStrDs  nod 
tlirout.     If  spilk'il  upou  the  [mnds  it  doxtroji)  thv  tissues  aiid  leaves 
sorfs  which  lire  liiiblc  to  iiifuction. 
Fret!  bromine  has  no  effect  upon  8tarvb  ciuulsion  (see  Iodine). 

Ourntical  Propertt^.  —  A  jot  of  hydrogen  gaa  bums  in 
bromine  vajwr.  Ttie  untOD  is  much  slower  thau  in  the  cose  of 
chlorine  (Hest  of  fommtioti,  +  12,300  cal.)- 

Bromine  forms  compounds  directly,  both  with  non-raetabi,  like 
phospboruB  and  arsenic,  and  with  most  of  the  metals,  which  catch 
fire  when  thrown  into  the  vapor.  In  all  cases  the  interaction  is 
Itiis  violent  than  when  chlorine  is  used,  and  bromine  is  displaced 
from  combination  with  hydrogen  and  with  the  metals  by  free 
chlorine. 

Silver  bromide  is  the  sensitive  material  in  photographic  plates, 
and  potiuMiura  and  sodium  bromides  are  used  as  sedatives  in 
medicine.  Bromine  is  employed  lu  the  preparation  of  organic 
dyea. 

HYTmooEN  Bbomidf.  HBr 

Preparation.  —  It  might  be  expected  that  the  iiio»t  oouvenicnt 
way  uf  producing  tills  compound  would  be  similar  to  that  u»ed  in 
prepikriiig  hydrogen  chloride,  namely,  by  the  action  of  concentrated 
sulphuric  acid  upon  some  conunon  bromide,  such  hs  potassium 
bromide  (KBr  +  H,SO,  t^  HBr  +  KIISO.).  Hydrogen  bromide 
being  less  stable,  however,  a  large  part  of  it  is  oxidized  by  the 
sulphuric  acid  and  the  product  is  mixed  with  sulphur  dioxide  and 
free  bromine. 

HjSO,  +  2HBr  —  2H,0  +  SO,  T  +  Bi^  t  ■ 

Since  all  acids  deoompo.'te  all  sah»  more  or  less,  \ise  of  an  oeid 
which  does  not  give  up  its  mo'B^  ^  rcmlily,  such  as  phosphoric 
acid,  will  \ield  pure  hydroRen  bromide  (KBr  +  H,,P()»  — •  HBr  j 
+  KHjPOi).  The  small  solubihty  of  the  salt  in  concentrated 
phosphoric  acid  retards  the  interaction  and  makes  the  evohition  of 
the  gas  very  slow,  however. 

Purs  hydroffVD  bromide  U  best  prepared  by  the  action  of  water 
upon  phosphorus  tribromide  (see  Hydrolj-sis,  below).  \Vheii 
bromine  and  phosphorus  are  mixed,  a  violent  union  of  the  tn-o 
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elements  takeo  place,  producing  pboephorus  tribromicle  PBri- 
This  substance,  which  is  a  colorless  liquid,  is  in  turn  broken  up 
with  great  ease  by  water,  producing  phuupborous  acid,  which  is  not 
volatile,  and  gaseous  hydrogen  bromide: 


Br 

H 

P^ 

Br  +  H 

\ 

Br 

H 

OH 
OH 
OH 


OH 
.3HBr  +  PfOU 


/ 


\ 


OH 


PWL  Til. 


In  prtctiee,  th«sc  two  iictioits  arc  carried  ou  simultaneously.  To 
diminish  the  vigor  of  the  iuterftction,  red  phosphorus  is  tuken  in- 
stead of  yellow,  and  is  mixed  with  two  or  three  times  its  weight  of 
sand  is  a  flask  (Fig.  76).  A  i<inall  quantity  of  water  isadded.  Ex- 
cess of  wat«r  must  be  avoided,  hb  the  hydrogen  bromide  produced 
ia  extremely  soluble,  and  would  there- 
fore be  retained  in  the  Elask  instead  of 
being  disengaged  as  gas.  The  bromine 
is  place<i  in  the  dropping  funnel,  and 
admitted,  a  little  at  a  time,  to  the 
mixture.  The  gas  produced  is  passed 
through  a  U-tulx;  containing  red  phos- 
phorus mixed  with  glass  bciids.  The 
phosphorus  combines  with  any  free 
bromine  cfirricd  along  with  the  gas. 
The  second  U-tube,  coutniuiiig  water,  may  be  attache*!  when  ^ 
solution  of  the  g&n  K  rcquiriHl.  The  gas  may  be  collected  iit  a 
i&r  by  upward  displacement  of  air. 

HydrolyitU.  —  The  interaction  of  water  with  phosphorus  tri- 
bromide  (foregoing  section)  illustrates  an  important  property  of 
water  (p.  92).  The  action  is  a  double  decompoalUon  In  which  wat«r 
la  onfl  of  the  tnteractlnff  Bufaatances  and  is  called  an  hydrolysi*  (Ck., 
loosening  by  waltr).  The  water  divides  into  the  radicals  H  and 
OH,  and  the  former  unites  with  the  more  active  non-metal  in  the 
substance  (the  bromine,  in  PBrj)  and  the  hydroxyl  with  the  other 
element.  For  example,  PCI,  +  anOH  -^  V{011),  +  SHCl.  AU 
the  balidcB  of  the  non-metals  arc  thus  hydrolynMl,  as  are  also  some 
other  classes  of  compounds. 

Phyaicat  Properties.  —  Hydrogen  bromide  is  a  colorless  gaa 
with  a  sharp  odor.     It  is  two  and  n  half  times  as  heavy  uMair     Tt.ii 
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easily  reduced  to  the  liquid  condition  (b.^.  —  69^).  It  is  ex- 
ceedlnj^y  soluble  in  watfx,  and  in  contact  n-ith  moist  air  ooodeoses 
the  wat«r  vapor  to  clouds  of  Uquid  particles.  Pure  hydrogen 
bromide,  whether  in  the  gaseous  condition  or  in  the  lique&ed  form, 
ifl  s  nonconductor  of  electricity  (see  below). 

Cliemical  Properliea.  —  The  properties  are  like  those  of 
hydrogp-ii  chloride  (p.  145).  It  is  somewhat  less  stable,  and  di»- 
Bociation  bcgin.4  Co  be  noticeable  at  800°.  When  free  from  water, 
it  is  not  an  aeid  (see  below).  'I^e  gas  interacts  vigorously  with 
chlorine,  hydrogen  chloride  and  free  bromine  being  produced, 
2HBr  +  C^  -*  2HC1  +  Br,.  What  are  the  relative  volumes  (p. 
150)? 

Chemical  Properties  of  tfyrtrobramic  Add  HBr,  Aq.  —  The 

Hotiitioii  of  the  hydrugc-u  bromide  iu  wutcr  is  uu  iu:tivc  acid  (</. 
p.  52).  It  conducts  electricity  extremely  well.  In  contact  with 
certain  metale,  and  with  oxides  of  metals  nud  hydroxides  of  metals, 
it  behaves  exactly  like  hydrochloric  licid  (p.  1'16).  In  the  Gist  case, 
hydrogeu  is  set  free  and  the  bromide  of  the  metal  produced.  Id 
the  other  two  caaes,  water  and  the  bromides  of  the  metals  are 
produced.  For  example:  Z»(OH)j  +  2HBr-*  ZnBr,  +  2H,0. 
Oxidizing  agents  set  bromine  free  from  hydrobromic  acid,  even 
sulphuric  aci<l,  which  does  not  act  upon  hydroriiloric  acid,  being 
able  to  do  this  (p.  196).  Chlorine  dissolved  in  water  displaoes 
bromine  from  hydrobromic  acid  and  from  soluble  bromides  with 
ease  ipi^t  for  bromides). 

Iodine  1} 

Occurrence.  —  Iodine  occurs  in  sea-water,  about  one-fifth  of 
it  in  algs  and  foiir-lifths  in  organic  compounds.  Ortain  species 
of  sea-weftd,  known  in  Scotland  as  kelp  and  in  Normandy  as  varec, 
remove  it  from  the  water.  The  ash  of  the  sea-weed  sometimes 
contains  as  much  as  two  per  cent,  or  even  more.  The  other  chief 
source  of  iodine  is  in  Chile  saltpeter  (mainly  NaXOj),  in  which  it 
is  present  in  the  form  of  about  0.2  per  cent  of  sodium  iodate 
NalOi  and  sodium  iodide.  Most  of  the  iodine  of  commerce  is 
obtained  from  this  source  and  only  a  little  from  sea-weed.  The 
largest  proportion  of  iodine  in  the  human  body  is  in  the  tliyroid 
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gtand  In  diseases  like  goitre  and  cretinism,  where  the  thyroid 
is  ill-don-cioped,  injcctiou  of  a  Bubstanee  caUed  todothjrln*.  ex- 
tracted from  shrcp'a  tbynnds,  produced  marked  improvenieDt. 

Preparation.  —  I.  In  fat'torios  where  the  iodine  is  extracted 
from  sea-weed,  the  hitter  is  carbonized  in  retorts  and  sodium  iodide 
is  extraeted  with  water  from  the  residue.  This  is  then  treated 
with  manganese  dioxide  and  sulphuric  aeid.  The  quantity  of 
manganese  dioxide  is  eurefully  measured  so  as  to  be  just  sufficient 
to  set  free  the  iodine  contained  in  the  liquid,  without  proceeding 
farther  to  the  lilx-nition  of  the  elilorine  which  it  contains  in  much 
larger  amounts.  Wlien  the  uiixlure  in  heated,  the  iodine  passes  off 
in  the  form  of  vapor,  and  is  condensed  iu  a  suitable  receiver. 
The  action  (c/.  pp.  157,  19-t)  is; 

2NaI  -1-  MuOa  +  SHjSO,  —  MnSO<  -f-  2NaHS0,  -|-  2H^  -|- 1,. 

S.  Id  France  the  troAtmeiit  is  similar,  excepting  that  chlorine  is 
used  to  liberate  the  iodine  in  the  lost  stage  (2Nal  -|-Cls-*2NaCl-|-Ii). 
The  quantity  is  adjusted  so  that  excees  may  not  he  ejiiplo>*fld. 
Tlie  ioiline,  being  insohible,  forms  a  dense  precipitate  and,  when 
the  liquid  is  pressed  out,  it  remains  beihind  in  the  form  of  a 
paste. 

3.  Electricity  could  also  be  used  for  the  decomposition  of  this 
mother-liquor.     The  iodine  is  set  free  at  the  positive  electrode. 

In  all  cases  the  iodine  is  purified  by  distillation  with  a  little 
powdered  potassium  iodide.  It  condenses  in  the  solid  form  di- 
rectly, in  glittering,  blaek  plates  (subUnied  iodine).  The  distilla>- 
tion  of  a  solid  body,  when  a  condensation  takes  place  directly  to 
the  fwlid  form,  is  spoken  of  as  siAlmation, 

Pbyitical  Properties.  —  Io<linc  (Gk.,  like  a  viokt)  is  a  black, 
solid  substance  (sp.  gr.  5),  exhibiting  large  crj-stalline  platts  of 
rhombic  form.  It  melts  at  111°,  und  boils  at  184°.  The  vapor  has 
at  first  a  reddish-violet  tint,  und  on  tx-ing  mure  strongly  heated 
becomes  deep  blue  (see  next  section). 

IiHline  is  very  sliglitly  soluble  in  water  (about  1  :  6000),  and  the 
eolution  has  a  scarcely  perceptible  brown  tint.  It  is  much  more 
soluble  in  carbon  disulphide  (p.  12)  und  in  chloroform,  in  which 
it  gives  violet  solutions.     In  ulcuhol  it  gives  a  t»olulion  which  ia 
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brown,  the  iodine  being  in  ft  conditioo  of  feeble  combinstion,  and 
not  aunply  in  soluttou.  An  aqueous  solution  of  potasium  iodide, 
hydrogen  iodide,  or  anj-  other  iodide,  has  likewise  the  power  to 
take  up  large  quantities  of  iodiiie.  Here  the  formation  cS  definite 
compounds  (such  as,  KI  +  U  ^  KIi),  by  a  reversible  action, 
accounts  for  the  amount  of  iodine  token  up. 

The  behavior  of  free  iodine  towards  starch  forms  a  distinctive 
test  for  both  aubstanoes  {tf.  p.  3).  The  pale-brown  Etqiimufl 
solution,  for  example,  when  added  to  starch  emulsion,  produces  a 
deep-blue  color.  ITiia  blue  substance  is  not  a  chemical  compound. 
Tbc-  iodine  is  adsorbed  by  the  &tarch,  which  is  in  colloidal  suspen^on 

Chemtcat  Properlifa.  —  The  molecular  weight  of  iodine,  ascer- 
tained bj'  u'cigluii);  tbc  vapor  at  temperatures  from  tt>e  boiling- 
point  up  to  700°,  is  253.8.  The  atomic  weight  being  120.92,  the 
molecule  contains  two  atoms.  Beyond  TOO*,  Uic  vapor  diminishes 
in  density  more  rapidly  than  Chiirks'  law  would  lejul  us  to  expect, 
and  at  1700°  the  molecular  weight  has  fallen  to  127  («^.  p.  117). 
As  the  vapor  is  heated,  a  larger  and  larger  proportion  of  the  mole- 
cules is  broken  up,  untQ  the  decomposition  has  become  comi^ete. 
As  in  all  cases  of  dissociation,  when  the  vapor  is  cooleil  the  atoms 
rccumbiae  to  form  molecuted.  This  is  the  most  notable  case  in 
which  we  encounter  both  the  monatomic  and  the  diatomic  forma 
at  the  same  element.  The  heat  given  out  when  the  atoms  reunite 
to  form  the  molecules  is  very  considerable  (21  jrt  I,  +  28,500  oal.), 
indicating  that  the  chemical  imion  of  two  atoms  of  identical  nature 
may  be  as  \-igorous  aa  that  of  two  atoms  of  different  chemical 
substances.  The  heat  of  union  of  atomic  hydrogen  (p.  113)  is 
even  greater  (2H  ?:i  Hj  +  90,000  cal.).  In  both  eases,  in  accord- 
ance with  Van't  Hoff's  law  (p.  189),  raising  the  temperature 
increases  the  dissodatton,  because  that  is  the  direction  in  which 
heat  is  absorbed. 

Iodine  uniks  very  slowly  with  hydrogen,  e\'en  when  heated. 
It  unites  directly  with  some  non-metals  and  with  the  majority  of 
the  metals.  When  phosphorus  is  presented  in  the  yellow  form, 
the  action  t&ke«  place  sporitanc-otuty  without  the  uaaistanee  of 
heat.  Both  chlorine  and  bromine  displaee  iodine  from  combina- 
tion with  hydrogen  and  the  metals  (2HI  +  Br,  -*  2HBr  +  Ii). 
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The  action  may  be  brought  about  cither  with  the  substances  in 
dry  form  ur  with  their  aqueous  solutionx. 

Iodine  and  its  coiupouiids  tire  much  used  in  the  arts  and  medicine, 
lo^ne  is  applied,  iii  the  form  of  im  aleoholic  solution  (tincture  of 
iodine),  for  the  reduction  of  some  Bwcllinfpi.  It  is  required  in 
makinjK  iodoform  CHI3,  and  the  iodides  of  potassium,  rubidium, 
end  sodium,  which  are  used  in  medicine.  The  emulsion  usod  iu 
making  photographic  dry-plates  contains  silver  iodide  Agl. 


Hydrogen  [uuidb  HI 

Preparation.  —  The  direct  union  of  hydrogen  and  iodine  can- 
not be  employed  in  preparing  pure  hydrogen  iodide  (see  below). 

The  action  of  concentrated  sulphm'ic  acid  upon  potassium  iodide 
is  equally  inapplicable.  In  tliis  ease,  as  in  that  of  hydrogen 
bromide  (p.  196),  the  sulphuric  acid  oxidiiwt  the  hydrogen  halidc 
and  much  free  iodine  and  hydrogen  sulphide  arc  formed: 

H,S04  4-  SHI  —  HaS  I  +  -tHjO  +  iUt . 

The  action  affords  a  rough  test  for  an  iodide  (q^.  pp.  3,  200). 

Powdered  sodium  iodide  and  concentrated  phosphoric  add  (</. 
p.  196).  when  warmed,  give  pure  hydrogen  iodide  very  slowly. 

The  bast  m«thod  i»  uuc  Hiniilur  to  that  de«crilx-d  mider  hydrogen 
bromide.  Phosphorus  and  iodine  unite  directly  to  form  PIi. 
This  is  a  yellow  solid  which  is  violently  hydrotyud  by  water  and 
gives  pbosphoroua  acid  and  hydrogen  iodide: 

PI,  +  3mO  -  P(OH),  +  SHI  T  - 

If  excess  of  water,  which  dissolves  hydrogen  iodide,  is  avoided,  the 
latter  goett  off  in  a  eontitmouM  stream  in  a  gaseous  condition.  The 
apparatus  shown  in  Rg.  76  may  be  used.  The  mixture  of  iodine 
and  red  phosphorus  is  placed  iu  the  flask  and  the  water  in  the 
funnel. 

Still  another  nwtbod  of  making  hydrogen  iodide  is  frequently 
employed  when  a  solution  of  the  gas  in  water  is  required,  and  not 
the  gas  itself.  Powdered  iodine  ia  suspended  in  water,  and  hydro- 
gen sulphide  gas  (//.v.)  is  introduced  through  a  tube  in  a  continuous 
stream.  The  iodine  dLssolves  slowly  in  the  water,  Ij  (soliil)  t^  U 
(dslvd),  and  acts  upon  the  hydrogen  sulphide,  which  likewise  di»- 
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solves,  ^3  (gas)  *^  H|iS  (daivd).  Sulphur  eeparat«e  in  a  fine 
powder.  S  (dslvd)  r^S  (solid),  and  hydrogen  iodide  is  formed  in 
accordance  nith  the  oquatioa : 

H^  +  Is-»2HI+Si. 

This  action  takes  pUce,  however,  only  in  presenoe  of  water,  al* 
tbou^  the  water  does  not  appear  in  the  equation.  The  sohition 
is  freed  frcHn  the  deposit  of  sulphur  by  filtration,  and  may  be  oon- 
«cntratcd  to  57  per  cent  of  hydricxlic  acid  by  diatillinK  off  Uje  water. 

Physical  Properties.  —  Hj-drogfsn  iodide  is  a  oolorlcas  gas  with 
A  sharp  odor.  Its  tnolocular  we^t  la  128,  and  it  is  therefore  much 
hi'tivier  tJum  iiir,  the  average  weight  of  whose  molecules  la  28.!).'i.'j 
(p.  101).  It  is  a  noilL-onduc't<H'  of  electricity,  both  in  the  gaseous 
and  in  the  liquoficd  conditions.  It  is  exceedingly  soluble  in  water, 
90  that  at  10°  30  sraniH  of  wat«r  will  absorb  70  grams  of  the  gas, 
giving  a  70  per  cent  solution  (42.'>  vols.  ;  t  aq).  The  behavior  of 
tbJK  solution  is  similar  to  that  of  hydrogen  chloride  and  hydrogen 
bromide  {cf.  p.  145).  The  mixture  of  constant  boiling-point  dii^ 
tils  over  at  127^  (at  760  mna.)>  and  contains  51  per  cent  of  hydro* 
gen  iodide. 

Chemical  Properties.  —  Hydrogen  iodide  i«  Ihe  least  stAble  of 
the  hydrogen  hnlidc^.  When  heated  it  begins  visibly  to  dccomiKXW 
into  its  constituents  at  180°.  On  account  of  the  ejise  with  whieh 
it  parts  with  the  hydrogen  which  it  contains,  it  can  Ix!  burned  in 
oxygen  gas,  4HI  +  Oj  — 2HsO  +  2Ii.  When  the  gas  is  mixed 
witli  chlorine,  a  violent  chemical  change,  accompanied  by  a  flash  of 
light,  occurs,  the  ioiiine  is  set  free,  and  hydrogen  chloride  is  pro- 
duced, Cii  4- 2HI  — •2HCI  +  Ij.  Bromine  vapor  will  similarly 
displace  the  iodine  from  hydrogen  iodide. 

Chemical  Properties  of  tlydriodic  Acid  HI,  Aq.  —  In  most 
respects  the  aqueous  solution  tjehavcs  exactly  like  hydrochloric 
and  hydrohromic  acids.  With  oxidizing  agents,  for  example,  such 
as  manganese  dioxide,  it  gives  free  iodine,  just  as  the  others  (p.  158) 
give  free  chlorine  and  bromine,  respectively.  Here,  however,  the 
oxidation  is  so  much  more  easily  carried  out,  that  it  is  slowly 
effected  by  atmospheric  oxygen,  so  that  hydriodic  acid  left  exposed 
to  tJio  air  gradually  becomes  brown  (Oi  -j-  4HI  — ♦  2HiO  -|-  2Ii). 
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Although  the  dry  gaj<  in  not  mi  acid,  the  solution  has  all  the  ordi- 
nary properties  of  Uiis  class  of  sutjstuncox  (rj*.  p.  52).  The  hydro- 
gen may  be  di^plnci.^  by  i»etab<  like  xiiic  nnd  tnagnt'siurn  (p.  60). 
The  acid  int^-racta  with  oxides  aii<L  hydroxidL>8,  fuiuilug  iudidr;;  atid 
water  (p.  146). 

The  Direct  tinion  of  Hydrogen  anti  Iodine.  —  The  UoioD  of 
hydrogen  ami  iocUiie,  giving  hydrogen  iodide,  is  a  reversible  r^ 
action : 

2HI  izi  H,  +  I,. 

That  is  to  say,  whether  we  charge  a  tulw  with  hydrogen  iodide, 
or  with  an  ctiual  tunount  of  the  cli^ments  in  the  correct  proportions 
by  weight,  if  we  phtco  both  tubes  in  a  butb,  and  keep  them  thus  at 
thff  same  tenipcrnturo,  the  contents  of  the  tubes  will  after  a  time 
be  itUttlkal  (p.  177).  At  283°,  Ibere  will  be  S2  per  cent  of  the  com- 
pound, and  18  iwr  cent  of  the  uncombined  elenients.  At  508°  the 
proportions  will !«?  70  per  cent  and  24  per  cent,  resijectively. 

The  proportion  of  the  etcmenta  incrcnst^'S  with  rL-u  in  tempera- 
ture because  the  dissociation  absorbs  hoAt  (p.  189). 

At  any  one  temperature,  say  283^,  the  equilibrium  point  can 
be  diipUced  In  either  direction  (p.  181).  If  we  iiitriKluce  suine 
additiuiiai  liyiin^cii  (or  imiiiie),  without  enlarging  the  tube,  thus 
increaauig  the  concentration  of  the  hydrogen  (or  iotUue),  mttre 
than  82  per  cent  of  the  compound  is  formed.  If,  instead,  we  let 
one  end  of  the  tube  project,  and  cool  this  end,  tlie  iodise  cim- 
(lenses  to  solid  form,  while  tho  other  two  substances  remain 
gaseous.  This  lowers  the  concentration  of  the  iodine  in  the 
gaseous  mixture,  and  lowers  the  speed  and  force  of  the  union  of 
the  elements.  It  does  not  affect  the  tendency  to  dissociation  of  the 
compound  moleeulea,  but,  since  it  interferes  with  the  formation 
of  more  of  them,  it  enables  tlie  dissociation  to  proceed  to  practical 
completion.  The  condensation  of  the  iodine  is  essentially  like  a 
preeipitation  {pp.  144,  186). 

TTiis  reaction  illustrates  very  clearly  the  way  in  which  the  prog- 
ress of  n  reversible,  chemical  action  is  controlled  by  mechanical 
cawtCA.  It  shows  also  why  we  do  not  prepare  the  compound  by 
uniting  the  elementa:  (I)  Since  the  element*  interact  a.*  k;iw3, 
very  bulky  apparatus  would  be  required  to  prep&re  any : 
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able  <iuantity;  (2)  the  untoa  in  very  slow,  taking  many  hams  at 
283°;  {X)  it  is  incomplete,  at  best,  and  we  obtiun  a  miicture,  and 
not  a  pure  aubetance. 

Not«  that,  removing  one  product  is,  in  general,  more  efTective 
than  increasing  the  concentration  of  one  of  the  interacting  sub- 
stances. The  concentration  of  one  product  can  bo  reduced  to 
Bero.  To  achieve  the  same  effect  by  adding  au  interacting  sub- 
stance, the  concentration  of  the  hitter  would  have  to  be  riuscd  to 
infinity,  which  is  impossible. 

Flooiunb  Fi. 

The  disruRRion  of  this  element  should  logically  have  preceded 
that  of  i^hlorine,  since  it  is,  of  all  the  members  of  the  halogen  family, 
the  most  active.  Chlorine  was  taken  up  first,  however,  because 
its  compounds  are  more  familiar.     Fluorine  is  found  in  nature 

chiefly  in  the  mineral  flaorit«,  calcium 
fluoride  CaFt  and  in  oroUte.  a  double 
fluoride  of  aluminium  and  sodium  3NaF, 
AlF,. 

T  W  r  Preparation,  —  When   a  solution  of 

I     I  1 hydrofluoric   acid   is   heated   with   man- 

I  I  ganeso  dioxide,  oxidation  docs  not  octur 

a[j  and  free  fluorine  is  not  produced.     Until 

recently  all  cfforte  to  isolate  the  element 
failed.  It  was  perfectly  undcnttood  that 
the  rea.son  of  tho-se  failures  lay  in  (ho 
greater  chemical  activity  of  fluorine,  which 
made  it  more  difficult  of  scparatiou  from 
any  state  of  combination  than  the  other 
halogeoB.  Its  preparation  was  finally 
achieved  by  Moissan  (18S6)  by  the  dc- 
compoaition  of  anhydrous  hydrogen  fluo- 
ride, which  is  liquid  below  IQ",  by  means  of  electricity.  The 
apparatus  (Fig.  77)  is  ninde  of  copper,  which,  after  receiving  a  thin 
coating  of  tJie  fluoride,  is  not  further  affected.  To  reduce  the 
tendency  to  chemical  union,  the  whole  is  immersed  in  a  bath  giving 
a  temperature  of  —  23*.  The  electrodes  arc  made  of  an  alloy  of 
platinum  and  iridium,  which  m  the  only  material  that  can  resist 
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the  action  of  the  fluorine.  Hydrogen  fluoride,  like  other  hydrogen 
hulides,  is  u  nonconductor  of  electrieity,  uud  a  small  quantity  of 
potiuQ^iuni -hydrogen  fluoride  KHFj  iuis  to  be  added  Co  enable  the 
current  of  elcetrioity  to  pasM.  The  fluorine  18  set  free  at  the  posi- 
tive electrode,  and  hydrogen  iippcurs  ut  the  ncgntive.  The  U*tube 
is  closed,  after  the  introduction  of  the  hydrogen  fluoride,  by  means 
of  blocks  made  of  cukium  fluoride,  which  is  naturally  unitblc 
further  to  enter  into  combination  with  fluorine.  For  the  reception 
imd  examination  of  the  fluorine  giLs,  other  copper  tubes  can  be 
screwed  on  to  the  aide  neck  of  the  apparatus,  and,  when  necessary, 
email  windows  of  calcium  fluoride  nm  be  provided. 

Phyairal  Properties.  —  Fluorine  is  a  gai*  who^  color  is  like 
that  of  chlorine,  but  somewhat  paler.  Il«  dcn.-^ity  (38)  shown  that 
the  molecule  is  (Uatomie  (Ft).  1*lie  gas  is  the  nioat  difficult  of  the 
halogens  to  liquefy.    The  liquid  boils  at  — 186°. 

Chemical  Properties,  —  Fluorine  unites  with  cvety  element, 
witii  the  exceptitm  of  oxygen,  clilorinc,  nitrogen,  and  the  meniheis 
of  the  helium  faiitily,  and  in  many  cases  docs  so  with  such  vigor 
that  the  union  bt^ns  spontaneously  without  the  assistance  of 
exttfniJ  heat.  Dry  platinum  and  gold  are  the  elements  le.aitt 
affected.  It  explodes  with  hydrogen  at  the  ordinary  temperature, 
without  the  assistance  of  sunlight.  Oo  the  introduction  of  a  drop 
of  water  into  a  tul>c  of  fluorine,  the  oxygen  of  the  water  (vapor) 
is  instantly  displaced  by  fluorine,  and  the  vetwel  is  filled  with  the 
deep-blue  "gas,  osione;  3F,  +  3H,0-*3H,F,  +  0». 

Fluorine  displaces  the  chlorine  in  hydrogen  chloride  aa  eaaily  as 
chlorine  in  turn  displaces  bromine  or  iodine. 


riYOHOOEN    FlUOKIDE    IIjFj 

Preparation.  —  Purt^  dry  hydrogen  fluoride  is  best  made  by 
heating  potassium-hydrogen  fluoride,  2KUFi  si  KjFj  +  HjFi  T  . 
For  ordinary  purposes,  however,  the  preparation  of  an  aqueous 
solution  is  the  ultimate  object.  Usually  powderwl  calcium  fluoride 
is  treated  with  concentrated  sulphuric  acid,  and  the  mixture  dis- 
tilled in  a  retort  of  platinum  or  lead : 

CftF,  +  H,SO,  ?=t  CaSO,  +  H,F,  f  - 
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The  hydrofluoritt  acid  paaies  over  and  is  caught  in  distilled  water. 
The  aquL'Ous  »)lutioD  thus  obtaiocd  hu.s  to  be  kept  in  ve^cls  nmde 
of  Icitd,  rubber,  or  puruiEn,  M  I^UB  iutcructa  with  the  acid  with 
great  rapidity  (see  below). 

Pbysicat  Properties.  —  Hj-drogcn  fluoride  is  a  coloricss  liquid, 
boiling  at  19.4*.  It  taixvs  freely  with  water  and,  on  distillation,  an 
acid  of  constant  boiling-point  (120°  at  7tH)  min.)  containing  35  per 
cent  of  hydrogen  fluoride  is  obtained.  The  weight  of  22.4  Utem 
of  the  vapor  vanes  from  20  g.  at  90°  and  above,  to  51  g.  at  26°. 
At  90°,  therefore,  the  formula  is  HF  and  at  26°  probably  a  inixtura 
of  H,Fi{40)  and  HjFj(60).  Since  HF  is  the  only  form  wliich  pcr- 
sista  through  a  range  of  tetnperitture,  we  say  this  substance  .-^howg 
woolatkn  at  tower  teiiipenitures.  Water  is  spoken  of  its  tut 
auocUMd  Liquid  —  the  vapor  being  pure  UtO,  but  the  liquid  a 
mixture  of  this  lOoug  with  (H,0)i  and  (HjO),  (p.  138). 

Chpmimt   Properties   of  HydroJIttorir  Arid   H^F^,  Aq. — 

MetaU  like  xinc  and  iiiiignw<ium  interat'l  with  liydrofliimie  acid 
with  evolution  of  hydrogen  (p.  CO).  The  action  is  lea-i  violent  than 
with  other  halogen  aeidei.  The  aeid  interaets  with  oxides  and 
hydroxides,  fonning  fluorides  (p.  140).  The  chief  difference  in  this 
respect  which  it  exhibits,  when  compared  with  the  other  halogen 
acids,  is  one  which  leads  us  to  assign  to  it  the  formula.  H-Fj,  We 
may  displace  cither  one  or  both  the  hydrogen  atoms  in  the  molecule 
with  a  metal.  Thus,  one  of  the  commonest  e(dl«  of  hydrofluoric 
acid  is  potassium-hydrogen  fluoride,  or  the  acid  fluoride  of  jjotas- 
siuni  KHFi,  mentioned  above.  In  thi.i  respect  the  acid  resembles 
Bulphuric  acid  and  other  acids  containing  more  than  one  replace- 
able hydrogen  unit. 

The  most  remarkable  property  of  hydrofluoric  acid  depends  on 
the  great  tendency  which  fluorine  has  to  unite  with  silipon,  forming 
the  gaseous  silicon  tetrafluoride.  Glass  (q-v.)  is  essentially  a  mix- 
ture of  silicates  of  calcium  an<l  sodium,  with  excess  of  silica  (sand) 
SiOi,  and  is  rapidly  decomposed  by  hydrofluoric  acid: 

CaSiO,  +  3H,Fs  -.  SiF,  T  +  CaF,  +  SHjO, 
SiO,  +  2H,F,  -*  SiF,  f  +  2Hrf). 

In  all  other  silicates,  fluorine  is  gubstituted  (p.  162)  for  oxygea 
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^HHbrding  to  the  same  plan.  The  silicon  tetrafiuoride  SiF*  is  a  gas. 
The  fluorides  of  calrium  and  aodium  are  solid  and  eruroble  away  or 
dissolve.  Thus  the  glaas  is  oompletely  rfiainteRrftted.  The  vapor 
of  hydrofluoric  acid,  generated  in  the  way  described  above  from 
caldum  fluoride  in  a  lead  dish,  is  used  for  etching  glass.  The  sur- 
face of  the  glass  ia  covered  with  paraffin  to  protect  it  from  the  action 
of  the  ^'apor,  and  «ith  a  sharp  instrument  portions  of  this  paraffin 
are  removed  where  tlio  etcliing  effect  is  desired.  The  vapor  gives 
n  rough  surface  where  it  encounters  the  glass  (test  for  a  fluoride). 
In  this  way,  the  graduation  on  thermometers,  burettes,  and  other 
pieces  of  apparatus,  is  marked.  The  aqueous  solution  makoa. 
mnooth  depressions  on  the  surface  of  glsiss.  It  is  usod  for  rcmovujg' 
sand  from  metal  castings  and  for  cleaning  the  exteriors  of  buildings 
of  granite  and  sandstone. 


L  TiiE  IIaukiens  a«  a  Family 

The  most  noticeable  fact  i.s  that,  if  we  arrutfe  tb«  halogens  In 
order  In  rwpact  to  «&7  one  praportr,  chemical  or  ph>'!^cul,  tho  othor 
propertlM  will  bo  found  to  place  tb«in  In  the  lame  order.  In  the 
tabic,  the  sixth  cuiunin  contains  tfn-  wciglil  of  the  clement  di.s8olv- 
ing  in  100  c.c.  of  water  (15").  The.  last  ouhinm,  cat.  KX,  gives  the 
beat  of  formation  of  one  gram-molecule  of  the  polassiuni  halide. 


L      B>Bi«nf 

AlVUJID 

Waiche. 

SUM. 

Boilinc- 
paine. 

Catat. 

SDlubUity. 

C>1.  KX. 

Brontine    .  . 
lodiiM    .   .  . 

19.0 
36  5 

7B  9 
126  O 

Ik  uicl 
Ml  id 

-isr 

-  M' 

+  59° 
IM* 

ypllow 
yellow 
brawn 

V joint 

7.2* 
3  3 
0  01.1 

IIS,  100 

m.3oo 

05,100 
»),I00 

It  vill  bo  seen  that,  as  the  atomic  weight  increase*,  the  boiling 
point  (b.-p.)  rises,  the  color  deepens,  the  solubility  diminish^,  and 
the  be*t  of  union  with  potassium  becomes  smaller.  The  vigor 
with  which  the  halog^rus  unite  with  hydrogen  and  the  metals  is 
greatest  with  fluorine  and  diminishes  progressively  until  we  reach 
iodine.  Wc  stiall  see  later  that  the  aifinity  for  oxygen,  on  the 
other  hand,  incrrmf-t  a.**  we  pass  from  fluorine  to  iodine. 
Although  showing  different  degrees  of  activity,  the  halogens  ore 
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closely  alike  m  chemical  nature.  That  is,  the  nUtioiu  (p.  163) 
they  show  whc-a  in  combiuation  are  amilar.  Wbcn  luiitcd  with 
hydrogen  and  the  metals,  they  are  all  univahnt.  In  their  oxygen 
conjpouiuls,  however,  they  exhibit  a  higher  valence.  Their  oxides 
mteraet  witli  water  to  give  acids,  and  they  are  therefore  non- 
metals  (p.  94).  They  are  strongly  electro-negative  (pp.  55,  IM), 
as  non-metals  all  are.  Their  hydrides,  when  dissolved  in  water, 
are  all  active  acids.  This,  and  their  valence,  distinguish  the 
halogen  family  from  other  groups  of  non-metals.  Thus,  oxygen 
and  Bulphur  are  bivalent  (and  the  latter  sexivalent  also),  and  the 
hydrides  of  oxygen  (HjO  and  HiOj)  and  of  sulphur  (HjS)  are  very 
feeble  adds. 

Order  qf  Activity  of  the  Non-Metals,  —  The  way  in  which 
chlorine  displaces  bromine  and  iodine  from  bromides  (p.  194}  and 
iodides  {p.  190),  and  bromine,  in  turn,  displaces  iodine  suggeslj?  an 
order  of  activity  for  non-metals.  It  was  noted  tliat  oxj'gen  dis- 
places iodine  from  hydriodic  acid  (p.  302)  and  that  iodine  displaces 
sulphur  from  hydrogen  sulphide  (and  all  other  sulphides).  The 
order  is,  therefore,  F,  Ci,  Br,  0,  I,  S. 

Compounds  of  the  FIaloqens  wtth  E^cn  Other 

Iodine  unites  directly  with  chlorine  to  form  two  compounds. 
The  more  familiar  one  is  a  red  crj^tallinc  mibHtancc,  todiiu  tnono- 
cblorld*  ICI.  Another  compound,  ICU,  is  made  by  the  use  of 
excess  of  chlorine.  Iodine  unites  with  broimne  to  form  the  com- 
pound IBr,  while  a  compound  with  fluorine,  IF»  is  supposed  to 
exist.  None  of  these  compounds  are  particularly  stable,  and  some 
of  them  decompose  easily. 

Exercises.  - —  1.  What  impurities  is  commercial  iodine  likely  to 
contain?  In  what  way  do<«  heating  with  potassium  iodide  (p.  199) 
free  it  from  these? 

•  ■  2-  Classify  all  the  chemical  actions  in  this  chapter  according  as 
they  belong  to  one  or  other  of  the  ten  kinds  (p.  1G6). 

3.  What  are  the  relative  volumes  of  the  gases  in  the  interaction 
of  chlorine  with  hydrogen  bromide  (p.  198),  and  hydrogen  iodide 
(p.  202),  respectively? 
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4.  Tabulate,  more  fully  and  epecilicaUy  than  is  done  in  the  seo 
tion  on  "The  Halogens  as  a  Family,"  (a)  the  physical  properties, 
(6)  the  chemical  properties,  (c)  the  chemical  relations,  of  the  mem- 
bers of  this  group. 

5.  Construct  the  equation  on  p.  109  by  the  use  of  partial 
equations  as  in  the  example  on  p.  195. 

6.  What  arc  the  relative  volumes  of  fluorine  and  ozone  in  the 
action  of  the  former  upon  water  (p.  20.5)? 

7.  What  relative  volumes  of  chloriii«  and  iodine  vapor  must  be 
taken  to  make  the  two  chlorides  of  iodine  (p.  208),  respectively? 

8.  At  a  given  temperature,  would  increasing  the  pressure  in  a 
mixture  of  hydrogen  and  bromine  vapor  render  the  union  more  or 
Itisn  complete?  Is  the  action  more  complete  at  a  high  or  at  a  low 
temperature? 


CHAPTER  XVI 


DIS80CUTI0H  IN  SOLUTION 


Trt.  (-mployment  of  interacting  substances  Id  the  form  of  aol^ 
tioiis  ifi  iM)  conatant  in  chemistr>',  and  the  reasuiu  for  lliia  arc  so 
ct^-nt,  that  we  must  now  resume  the  diacussioQ  of  this  subject 
(</■  p.  121). 

Tiie  preaent  chapter  will  be  devoted  to  giving  the  proofs  that 
the  molecules  of  ulds,  bues,  and  aalu,  in  aqueous  solutions,  arc 
Mtu&ll;  diuoclated  Into  puts  hy  the  solvent.  This  will  be  shown 
by  consideration,  succcaaively,  of  certain  iwculitirities  in  the 
cbemical  bebatlar,  in  the  Ireexing-poittts  and  in  the  boiling-point.', 
of  t)K^  solutions  of  these  sub.'itanct^t.  We  shall  see  that  thpu  puti 
ooiacide  In  composition  witb  ths  ndiekls. 


Some  Characteriatic  Praperttifx  oj  .■tcittg,  Baxes,  and  Salts, 
Shotett  in  Aqueous  Solution. — Acids  all  contain  hydrogen 
(p.  53).  In  aqueous  solution,  if  soluble,  they  are  sour  in 
taste,  they  turn  blue  litmus  red,  and  their  hydrogen  is  displaced 
by  certain  metals  (p.  53),  and  has  the  properties  of  a  railical. 
By  the  last  statement  is  meant  that  it  very  readily  exchanges 
places  with  other  radicals  in  reversible  double  decompositions  (p. 
147).  Amon^t  the  acids  mentioned  have  been:  hydrochloric  acid 
HCi,  sulphuric  acid  HjSO»,  hypochlorous  acid  HCIO,  acetic  acid 
HCOjCH*.  Many  other  bodiea,  like  sugar,  kerosene,  and  alcohol, 
contain  hydrogen  also,  but  not  one  of  them  shows  all  of  these 
properties. 

Again,  all  salts  lire  made  up  uf  two  radicals,  nud  the  reversible 
double  decompositions  into  which  thty  enter  with  acids,  bases, 
and  other  salts,  consist  in  exclianges  of  these  radicals.  Other 
substances  may  include  the  same  combinations  of  atoms,  but  in 
their  actions  these  groupings  arc  oftt'n  disregarded.  Tlius,  sodium 
chloride  NaCl  and  jtilver  nitrate  AgNOi  exchange  radicals  com- 
pletely (p.  147)  and,  in  diiiitt?  solution,  hydrogen  chloride  and 
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sodium-hydrogcQ  Hulphat«  do  so  partially  (p.  143).  But  aodium 
chloride  and  mtroglyocrim.'  C|Hi(NOj)j  do  not  interact  at  aU.  The 
luttfiT  ifl  not  a  salt,  although  it  c-ontaina  the  same  proportion  of 
nitrogen  to  oxygen  aa  docs  any  nitrate. 

All  buM  contain  hydroxyl  OH  us  a  radical,  combined  with  aome 
positive  radical.  Potatwium  hydroxide  KOH  is  wluble  and  active, 
zinc  hydroxide  Zn(OH)t  and  many  others,  however,  arc  insolulile. 
Bases  all  exchange  radicals  readily  in  double  deeoniposition  with 
«ultf*  and  Hcidit.  Other  subtttances,  like  alcohol  CjIUOH,  may 
contain  hydroxyl,  but  do  not  iuteravt  rcadHy  with  »alt«  like  NaCl, 
Bud  arc  not  bases. 

Thr  Influence  of  Water  anH  Other  Solvents.  —  It  is  chiefly 
In  kqueous  loluttoD  that  thchie  special  properties  of  acids,  biucs,  and 
(vtits  lit'coine  apparent.  Their  behavior  is  often  quite  different  in 
the  absence  of  this  -solvent.  If,  for  example,  «■«  mix  together  diy 
ammonium  carlioiinte  (NH4)3COj  and  partially  dehydrated,  solid 
cuprio  nitrate  Cu(NO))j,  and  apply  be«t,  a  violent  interaction 
begins.  An  immense  cloud  of  smoke  and  gas  is  thrown  out  of  the 
tube,  and  the  sulifltflncc  remaining  is  either  black,  or  reddish,  in 
parts,  according  to  the  proportions  of  the  substances  employed. 
The  reRidue  contains  ciiprie  oxide,  and  sometimes  red  cuprous 
oxide  CuiO.  The  gas  is  tinged  red  by  the  iwesence  of  nitroRen 
tetroxide  NO;,  while  a  more  careful  examination  would  show  that 
it  contained  carlion  dioxide,  nitrogen,  nitrous  oxide  NiO,  wat£r 
vapor,  and  perhaps  still  other  products. 

The  contrut,  when  these  substances  arc  diasolved  in  vaUr  before 
being  brought  in  contact  with  one  another,  i.s  very  gi-cat.  A  pale- 
green  precipitate  is  formed  at  once,  and  rapidly  settles  out.  On 
examination,  this  turns  out  to  be  a  carbonate  of  copper  (basic), 
while  evaporation  of  the  solution  furnishes  us  with  ammonium 
nitrate.  There  are  only  two  main  products,  and  the  essential 
part  of  the  action  in  solution  may  be  represented  by  the  equation: 

(NH.)^0.  +  Cu(NO,)s  —  CuCO,  I  +  2NH«N0,. 

In  the  interaction  between  the  dry  substances  the  molecules  are 
completely  disintegrated,  the  whole  change  is  very  complex,  and 
it  takes  a  good  deal  of  time.  In  the  action  in  water  no  heating  is 
required,  the  substances  are  neatly  broken  apart,  certain  groups 
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of  atoms,  vbidi  m  call  radicals,  arc  traD^Tcrred  as  wholes 
one  Bt«te  of  oontbtnfttiori  to  another,  and  the  rearrangctDent  takes 
place  mBtontaaeourij'  iu  a  maclunc-likv  maimer.  Contrasts  like 
this  betw(H>.n  the  inbcractiom  of  anhydrous  and  disM^ved  bodies 
are  verj'  common.  j 

Many  compounds,  howe\-cr,  do  not  »huw  any  cban^  in  bfr^| 
hftvior  when  diflRolvrd  in  watt-r.    Sugar,  for  example,  is,  aa  a  rule," 
more  readily  acted  upon  in  the  absence  of  any  advent.    Then      , 
again,  while  watflr  bi  not  the  only  solvent  which  has  the  effect  wefl 
have  just  described,  the  majority  of  solvents,  if  they  affect  chemi-  ^ 
eal  change  at  all,  simply  retard  it.     Thus  the  union  of  iodine  and 
phosphorus  in  the  absence  of  a  solvent  takes  place  spontaneously 
with  a  violent  evolution  of  heat.     When  the  elements  are  dissolved 
in  GSrboo  bisulphide,  before  being  mixed,  the  action  is  much  milder, 
although  the  product  is  the  same  (phosphorus  tri-iodide).     The  m 
diminution  in  the  concentration  of  the  ingredients  has  decreased  V 
the  speed  of  the  action  in  the  normal  way  (p.  181).     That  water 
and  some  other  solvents  have  a  specific  influence  tending  to  in- 
crease the  apparent  activity  of  certain  classes  of  substances,  sbon's 
that  a  special  ex  pUi  nation  of  the  phenomenon  must  be  found. 

Summing  up  these  points  we  sec  that  the  peculiarity  of  acids, 
bases,  and  salts  in  agwow  toliUion  is  that  the  action  is  complete 
as  soon  as  the  solutions  have  been  mixed,  and  that  each  compound 
always  splits  iu  the  same  way.  Thus,  c-upric  nitrate  always  gives 
changes  involving  Cu  and  NOi  and  ne\-cr  interacts  so  as  to  use 
CuNi  and  0*,  or  CuOj  and  NO],  as  the  basis  of  exchange.  Simi- 
larly, diltUe  acids  alwayu  offer  hydrogim  in  exchange,  and  iKt  nitric 
acid  behaves  us  if  com[)osed  of  H  and  X0|,  and  sulphuric  acid  aa 
if  composed  of  2H  and  SO4,  and  never  as  if  made  up  of  HSO  and 
HO),  or  HtS  and  O4.  The  sour  taste  and  the  effect  upon  litmus 
seem  to  be  prupirH.ics  of  this  easily  Bei^arable  hydrogen,  for  they 
are  shown  only  by  acids.  The  result  m  that  we  can  make  a  list  of 
the  imita  of  exchange,  sueh  as  H,  OH,  NOi,  COa,  SO*,  Cu,  K,  and 
CI,  employed  by  acids,  bases,  and  salts  in  their  interactions.  The 
molecule  of  each  coni]Kiund  of  these  classes  contains  at  lea.tt  two 
of  them.  Even  when  these  units  contain  more  than  one  atom, 
their  coherence  is  as  uotioenMc  within  this  class  of  actions,  as  is 
the  pcTmaneiice  of  the  atomic  mosses  themselves  in  all  actions. 

The  question  raised  in  our  minds  is  whether  solution  in  water 
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Altera  the  obarBct«r  of  the  molccuto,  simply  by  produdng  a  sort  of 
plane  of  cUava^e  in  it  wliioh  crcatta  a  predisposiUon  to  a  unifona 
kiiid  of  chcniicul  ohAUgc,  or  whvthor  it  actutUly  divides  tho  molecules 
into  separate  parts  consisting  of  the  above  units  of  exchange,  and 
leaves  subsequent  chemical  actions  to  occur  by  cross-combination 
of  thcee  fragments.  The  fact  that  the  dissolved  substances  can  be 
recovered  by  evaporation  of  the  liquid  docs  not  demonstrate  that 
tbcy  ha\'e  not  l>wii  doconiposud  temporarily  while  in  solution. 
The  alteration  which  the  water  produce's,  whatever  it  be,  will 
naturally  be  reversed  when  the  water  is  removed.  Since  our 
qu(»tioii  involves  iiot.iiing  but  the  counting  yf  particles,  the  num- 
ber of  which  would  l>e  much  greater  in  the  event  that  actual  sub- 
divituon  of  molecules  is  the  explanation,  it  can  be  answered  by  a 
studj'  of  the  phracal  properties  of  solutions.  Several  physical 
properties  can  be  used,  and  they  give  concordant  answera  to  the 
question.  We  shall  confine  ourselves  here,  however,  mainly  to  the 
evidence  furnished  by  the  freedng-points  and  boiling-points  of 
solutions. 

Ltnp»  qf  Frteaing-Potnt  Depretmion.  —  Every  pure  liquid 
bus  a  definite  teniixrature  at  which  it  frt-ezcs.  Thus,  pure  water 
freezes  at  O^aiidbenKeneatMS".  As  we  have  seiou  (p.  1 3-1),  how- 
ever, the  presence  of  ft  foreign,  dissolved  bod>'  lowers  the  freciing- 
point,  although  the  "ice"  which  separates  usually  consists  of 
crystals  of  the  pure  solvent  only. 

The  depression  in  the  freesiing-point  !s  directly  proporUonaJ  to 
the  weight  of  dis«oIve<l  substance  in  a  given  amount  of  the  solvent. 
Tho  depression  is  inversely  proportional  to  the  amount  of  soU'ent. 
Thus,  if  we  double  the  concentration  of  the  sohition,  the  depression 
in  the  freeririg-point  is  doubled.  Tlius,  in  one  set  of  experiments, 
solutions  of  sugar  containing  11.4  r.,  22.8  g.,  and  34.2  g.  of  sugar 
to  100  g.  of  water  were  found  to  freeze  at  -0.62",  -1^°,  and 
-1.86*,  respectively. 

Fiirrlier,  equil  aumbers  of  molocules  of  dlff«r»nt  loIutM  In  th* 
Sama  quantity  of  SOtTMlt  give  equal  depressions.  Or,  in  other  words, 
the  depression  is  proportional  to  the  concentration  of  the  molecules 
of  the  solute.  Thus,  solutions  containing  342  g.  of  sugar  CuHjtOu,* 
or  46  g.  of  alcohol  0,11.0,  or  74  g.  of  methyl  acetate  CH»(CiH»O0, 
■  13  X  12  -I-  22  X  1  +  11  X  1ft  -  343. 
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AlmttrmMl   FrtimxlnK'faint   DepreatUm:     Duaodmtion   in 

MtAutUm-  'f\}ti  nn\m1.fuif4-n  which  present  the  most  cons{»cuouB 
*M«|«U'AM  t>r  ttrf!  ii\i'fvi:  ruU*  HT':  hiniix,  bases,  and  salu  in  aqueous 
iW(li(l.i(rri.  With  ttumi  i4  th'W;,  tiif:  (li-.preaaon  produced  is  abaarmal; 
H.  IK  yrriiltv  l.tmit  tv);  iihMjIrl  »fx\M-tA  from  the  (xwcentratioo  ttf  the 
W(lilM(m<  'Oh;*,  in  itn  wliial  <;xp(;riment,  two  equi-molar  s(Ju- 
iUmn  W'irf  cf/ittixirc'l.  Ori'r  f^fintaincd  one  mole  (74  g.)  of  methyl 
hi'I'IhU',  nti'l  l.h't  <il,h(Tr  dw-  riiolr;  (.')8.5  g.)  of  sodium  chloride,  each 
fllnMirlvt'')  111  'itHHi  n.  (2  ViU;rH)  of  water.  The  freezing-pointB 
iiImmtvi"!  wiTrn: 

I'lifowBtw      0.000"        Pure  water 0.000" 

Mill,  iFf  im-lliyl  (Mirrtfttfl  .    -tnmr        Hijlution  of  salt  .    .    .   .    -1.678° 

IhilimmliHi 0.070*        Dciireanon 1.678° 

0-970° 
Esoen  depreaeion  by  alt    0.708" 
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■|  The  solution  of  methyl  nrctate,  as  it  contaiucd  only  0^  moles  of 

r<^ttlfe'fl^aie  per  litor  of  WAter,  »howi>d,  as  it  should  do,  about  half  the 

'    Bverage  tnotooular  deprcssioD  (1.86°,  p.  214).    This  is  typicM  of 

the  class  of  solMUuices  showing  iioniml  fwlinvior.    Sufcar,  alcohol, 

aiul  bundrcrds  of  other  substances,  in  solutions  of  the  same  molar 

concentratioii,  would  have  given  the  same  value. 

The  frceitiiig-poiiit  of  the  salt  solution,  however,  was  much  lower. 
If  thia  solution  had  reitily  contaitied  the  same  concentration  of  dis- 
solved molecules  as  the  other  solution,  its  depression  would  like- 
wise have  been  0.970'.  The  iiumWr  of  molecules  in  the  solution 
must  therefore  have  l>een  greater  than  we  should  have  expected 
from  the  number  nf  molecules  tiiken.  In  other  words,  a  iX)rtion 
of  the  molecules  of  the  salt  must  have  Ix«n  broken  up,  and  the 
excess  depression,  0.708°,  raiisi  have  I>een  due  to  the  extra  mole- 
cultg  produced  by  dUsociaiion.  Now  sodium  chloride  moleculeft 
cannot  give  more  than  two  particles  each,  and  the  depre&iion  is 
proportional  to  the  number  of  particles.  It  follows,  therefore, 
that  If  I,  or  0.732  (73.2  per  cent)  of  the  molecules  were  flissociated: 

t(27  per  cent)  NaCl  ?=  (Na)  +  (CI)  (73  per  cent).  j 

lias  result  a  typical  alao.  Acids,  baeot,  and  salts,  of  which  one 
ole  is  dissolved  in  two  liter*  of  water,  are  found  to  give  irrt^gular 
vnhics,  all  more  or  less  in  excess  of  0.970*.  Those  which  coutiiin 
but  two  radicals,  like  sodium  ch1ori<le  NaCl  and  potassium  nitrate 
KNO,,  gi\e  values  between  0.970"  an.l  2  X  0.970°.  Substances 
like  calcium  chloride  C'a(Cl)]  and  sodium  sulphate  (Na))SO(  ^ve 
depressions  approaching  three  times  the  normal  value:  their 
molecules  contain  three  ra<licals.  The  excess  depression  depends, 
tJierefore,  upon  the  numix^r  of  particles  which  each  molecule  can 
furnish,  an<I  upon  tlie  proportion  of  all  the  molecules  which  is 
dissociatetl  into  these  fragments. 

In  the  case  of  an  acid,  base,  or  salt,  the  depression  is  not  strictly 
ortional  to  the  concejitration.  Thus,  one  mole  of  salt  in  four 
Utain  of  water  does  not  give  half  the  depression  of  the  two-liter 
solution  (1.678°  t  2  =  0.839°)  but  HomewhtU  more  (about  0.»M°}. 
The  same  method  of  calculation  indicates,  therefore,  a  greater 
degree  of  dissociation  (about  79  per  cent)  in  the  more  dilute  solu* 
tion  (see  Ionic  erjuilibrium). 

Acids,  bases,  and  salts,  so  far  as  tJiey  are  soluble  m  materials  like 
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toluene,  benien«,  cbluroform,  and  carbon  bisulphide,  exfail 
aiiaply  normal  depressions  in  th«»  soIvenU.  It  appears,  Uier 
fore,  that,  in  many  solvcute,  dissociutiun  does  not  take  place.  In 
oommou  experience  it  is  cucountcrud  only  in  iwlutioos  in  water, 
and  in  alcohol. 


Abnormal  Baiting- Point  Eleratton.  —  We  have  Been  (p.  13S) 
that  342  g.  of  Hugar,  or  an  equal  number  of  molecules  of  iflycerinA 
CtHiOi  (92  g.),  tiiiwolvfd  in  1000  c.c.  of  water,  will  elevate  the 
boiUiig  point  from  100°  to  100.52°.  One  molecular  weight  of 
Dodiuni  chloride  (58.3  g.),  howm-cr,  mil  elevate  the  boiling-point 
of  the  water  0.87"  inrtviwl  of  0.52°.  The  effect  is  O-SS",  or  67  per 
cent  greater,  indicating  di.*«>eiation  of  thia  proportion  of  the  Nad 
molecules.  In  more  dilute  solutions,  the  elevation  is  rt-lativt-ly 
greater.  Salts  containing  more  than  two  radicalii,  like  Ca(CI)t, 
^ve  elevations  of  more  than  twice  the  normal  value.  In  solvents 
like  benKene  and  carbon  diaulphide,  howevcj,  no  abnormal  dev»- 
tjon  ifl  observed  with  any  solute.  The  phenomena  are,  iu  fact, 
parallel  with  those  connected  with  the  freezing-point. 

Other  Evidence  of  DiMociation,  —  The  freezing-point  and 
Ixiiliiig-poiiit  are  only  two  of  four  properties  of  solutions  which  can 
be  used  for  determining  the  numbers  of  molecules  pn>iient.  Nu- 
merous measurements  show  that  aqueous  solutions  of  acids,  baws, 
antl  sftlta  have  also  abnormal  osmotic  pressiires  (cf.  p.  1.35).  The 
electrical  conductivity  is  the  fourth  property  which  gives  the 
required  information  (see  Chap.  X\^in).  Now,  when  we  observe 
the  behavior  of  the  same  solution  in  each  of  these  four  ways,  and 
calculate  the  degree  of  dissociation  from  the  result  of  each  meaaure* 
ment,  we  find  that  the  values  obtained  are  usually  identical,  within 
the  limits  of  error  to  which  the  methods  are  liable.  Thus  the  in- 
dications of  dissociation  found  in  the  chemical  beharior  of  acids, 
bases,  and  sails  (pp.  21 1-213)  arc  fully  confirmed  by  a  study  of  the 
'  phyfflcat  properties  of  their  solutions. 

Application*!  The  Constitution  of  Solutions  of  Acitbtp 
Basen,  and  Salt^.  —  The  conipu.silton  of  solutions  wliich  are  noi^ 
mal  or  abnormal,  in  rcsepi-cl  to  oatiiotJc  prcssuro,  freezing-point,  and 
boiling-point,  may  be  ebown  thus: 
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SolalH. 


Dlwilnd  in 

WaiM.  Alsabol. 


DiHoJwd  in 

Tnluans,  Chlo- 

raConn.  Ml. 


Acidn,  b»se«,  tnlU. 
(Hhor  substances. . 


AboormAl 
Nonnal 


Normal 
Nurnial 


It  appears  that  water  and  Bome  other  solvents  have  the  power  of 
clecoRipoRiiig  acids,  bases,  and  salts.  Such  solventa  have,  in  fact, 
an  effect  on  these  matfiriaJs  that  reaemhles,  outwatdlj-  at  least,  the 
effpot  which  heat  has  on  many  substances  (e.^.,  p.  117),  Uuycbum 

<'^^"'"'  C«CU^CCa)+2(a). 

In  consequence  of  this,  our  view  of  the  nature  of  an  aqueous  solu- 
tion of  hydrogen  chloride  HCI,  or  common  salt  NaCl,  or  sodium 
hydroxide  NaOH,  or  any  of  the  substances  of  the  classes  which 
these  represent,  may  now  be  stated  in  dehnitc  terms.  Such  a  solu- 
tion contains,  besidea  undividp<l  molecules  of  the  solut*.  at  Icaat 
twoother  kinds  of  material,  II,  Na,*Cl,  OH,  etc.,  which  result  from 
the  bresktog  up  of  the  molecules.  We  shall  see  that  these  sub- 
divisions of  the  original  molecules  have  distinct  ph>'«ical  and  chemi- 
cal properties  of  their  own.  The  descriptions  of  the  "properties" 
fif  the  solutions,  us  they  used  to  be  pvcn  in  chcmiBtry,  were  rwilly 
a  confused  8tat«ment  of  the  properties  of  the  different  coniponcut« 
of  a  mixture. 

The  free  radicals,  of  whoe«c  exisli-nec  wc  have  thus  become  con- 
vinced, constitute  a  new  set  of  mi\tcriah«  (with  appropriate  names. 
Sec  p.  236).  Tlius  the  hydrogen  rtuUcal  of  acids,  although  a  form 
of  uncomtiined  hydrogen,  differs  totally  from  the  gas  which  is  com- 
p<»ed  of  th*  same  material.  The  gas  has  no  sour  taste  or  effect 
upon  litmus;  these  are  properties  of  the  free  radical.  The  gas  is 
very  slightly  soluble  in  water,  while  the  hydrogen  radical  exists  as  a 
separate  Rubstance  only  in  solution.  Again,  substances  with  the 
composition  of  the  radicals  NOi  and  SO*  are  not  known  at  all 
.except  in  solutions. 

"   ExtrcUes.  —  I.    What  depression  in  the  f.-p.  of  water  will  be 
produced  by  dissolving  10  g.  of  bromine  in  I  kg.  of  this  solvent? 

*  Tbn  objt^cl.ion  ihnl  H>pnnt(«  qIoiim  of  •odium  could  oot  mnMii  Tree  in 
.  will  be  dispowd  of  kUr. 
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2.  What  depresBitHUi  in  the  f  .-p.  of  benzene  and  of  {dienal  iroaM 
be  imxluced  by  10  g.  of  brotnine  to  1  kg.  <tf  the  scdvcnt,  if  no 
chemical  action  took  place? 

3.  What  is  the  molecular  depression-constant  at  a  acdrent  in 
which  5  g.  of  iodine  in  500  g.  <^  the  solvent  lowers  the  f.-p.  0.7^ 

4.  What  is  the  degree  of  dissociation  of  zinc  sulphate,  if  5  g.  of  it 
dissolved  in  125  g.  of  water  produce  a  lowering  of  0.603°  in  the  f.^.T 

5.  In  a  decinormal  solution,  potassium  chloride  is  86  per  cent 
ionized.     What  is  the  freezing  point  of  this  aolutiwi? 


CHAPTER  XVn 


OZOKE  AND  HTDROOEN  PgROXTDI 


A  FSESH,  penetrating  odor,  remmbling  that  of  very  dilute 
chlorine,  was  noticed  by  van  Marum  (ITSA)  near  an  elprtrical 
tnachino  in  operation.  Schonbein  (1840)  showed  that  the  odor 
wa«  that  of  a  distinct  substance,  which  he  named  ozone  (tlk.,  to 
smelt),  and  he  discovered  a  numlier  of  ways  of  obtaining  it.  It  ia 
very  qutwtionabie  whether  there  is  any  oaone  in  the  air,  exceptuig 
tenipornrily  in  thf  itnniedint«  neiglilxirhood  of  a  natural  or  arlifidal 
discharge  of  elcetrieity. 

Preparation  of  Ozonf  0».  —  The  most  sntisfactory  way  of 
preparing  ozone  is  to  allow  electric  waveis  to  psiss  through  oxj'gen, 
The  apparatus  (Fig.  78)  conidsti*  of  two  co-axial  glass  tubes,  be- 
tween which  the  oxygcu  flows.    The  waves  arc  gcuerat«d  by  con- 


na.  78. 

Dccting  an  outer  layer  of  tjnfoil  on  the  outer  tube,  and  an  inner 
layer  of  Unfoil  in  the  inner  tube  with  the  poles  of  an  induction  coil. 
With  dry,  cold  oxygen,  about  7.6  per  cent  of  the  gas  is  turned  into 
oume. 

Oione  is  found  in  the  oxygen  generated  by  eleetrolyae.  of  dilute 
sulphuric  acid  (p.  55).  It  arises  during  tlie  slow  oxidation  of 
phoRphorus  by  the  air,  resulting,  probably,  from  the  deeompositioo 
of  unstable,  highly  oxidized  bodies  which  art-  formed  during  the 
action.  Oxygen  containing  15  per  cent  of  it  is  produced  by  the 
interaction  of  fluorine  and  water  (p.  205).     Oeone  is  formed  also 
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when  ft  jet  of  burning  hydrogen,  or  an  Plectrically  heated  loop  of  j 
platinum  wire  ta  immereed  in  liquid  axygfin.  This  method  ahowsj 
that  ozone  is  formed  at  liigh  temperatures,  and  survives  when] 
cooled  suddenly  by  the  liquid  oxygen. 

Physical  Properties  <tf  Ozone.  —  Oxone  is  a  gaa  of  blue  color,  i 
It  boils  at  —  1 IQ",  so  that  when  a  mixture  of  oxygen  and  ozone  is  I 
led  through  a  U-tiibe  immersed  in  liquid  axygen  (—182.5°),  the 
OKone  collects  in  the  tube  as  a  deep-blue  fluid.  Ozone  is  much 
more  soluble  in  water  than  Js  a\ygen.  At  12°,  100  volumes  of  J 
water  would  dissolve  50  volumes  of  the  gas  at  one  atmosphere' 
pressure. 

Chemical  Propwtie*  of  Oaone.  —  The  density  of  020ne  is  j 
one-half  greater  tluin  that  of  oxygpn.     Il«  molecular  weight  is) 
therefore  48,  and  it«  formula  0|.     Being  formed  with  absorption' 
of  cnerKy,  ozone  is  most  stable  at  very  high  temperatures  (Van't 
Hoff's  law,  p.  188). 

3Oj-|-61,'100cal.*=^2O,. 

When  produced  in  cold  oxygen,  by  energy  from  electric  waves,  it 
decomposes  slowly.  But  this  change,  like  all  others,  is  hastened 
by  raisbg  the  temperature.  Equilibrium,  with  almost  no  osonc, ' 
is  reached  instantly  at  250-300".  Liquid  ozone  sometime*  de- 
composes explosively.  .\s  the  equation  shows,  three  volumw»  of 
oxygen  give  two  (rf  ozone. 

Ozone  is  u  much  more  active  oxidizing  agent  than  oxygen.  Mer- 
cury and  silver,  which  are  not  affected  by  the  hitter,  are  converted 
into  oxides  by  the  former.    Silver  gives  the  peroxide,  AggOi,  thus: 

2Ag  +  20i  ^  AgiO,  +  20.. 

Paper  dipped  in  starch  emulsion  containing  a  little  potassium 
iodide  is  used  as  a  t«st  for  ozone: 

Oj  -I-  2KI  +  H,0  -t  0,  +  2K0H  +  1». 

The  iodine  gives  a  deep-blue  color  to  the  starch  {c/.  p.  200).  Thia 
ttst,  however,  will  not  distinguish  ozone  from  chlorine  or  hydrogen 
peroxide,  and  may,  therefore,  be  used  onlj*  in  the  absence  of  these 
substaoces. 
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Ozone  also  removes  the  color  from  many  of  the  vegetable  color- 
ing mutters  und  artificial  dyes.  It  should  he  understood  thul  the 
grCHt  riiiijority  of  th<'  fomplex  couipuuiids  of  curbuu  arc  colorless. 
Even  u  sltglit  chemical  etiHuge,  tklTectiug  oa]>'  one  or  two  of  the 
atoms  iu  a  complex  molecule,  is  thus  almost  sure  to  give  a  color- 
less or  much  leas  strongly  coloretJ  niatcriaJ.  Indlco,  CnHioNiOi, 
which  has  a  deep-blue  color,  is  nu  example  of  a  vegt;tAble  ilje  that 
is  also  made  artificially.  When  osooised  air  is  bubbled  through  a 
dilute  solution  of  this  d>-c  {&»  indigo-carmine),  the  indigo  is  oxidized 
to  isatin  C»H»NO»,  and  the  color  (Usappears  (sec  below). 

Ozone  is  used  commercially  in  bleaching  oils,  waxes,  ivor>', 
f3our,  and  tttarcli.  It  is  employed  also  for  sterilizing  drinking 
wat«r  in  Petrogriul,  I^ille,  and  other  citiea.  For  this  purpose,  bow^ 
ever,  bleaching  powder  is  less  expensive. 

Oxidising  Agents,  and  Explanation  of  their  Activity. — 

When  ozone  turns  into  oxygen  much  heat  is  liberated  (equation, 
above).  Ozone  poasesses,  therefore,  much  more  internal  energy 
than  does  oxygen.  On  this  account  it  brings  to  the  task  of  oxidiz- 
ing any  substance  more  energy  than  docs  oxygen  it*elf ,  and  is  there- 
fore more  efficient.  Thus,  free  oxj'gen  docs  not  interact  in  the 
cold  with  indigo,  or  wHth  silver  or  potassium  iodide  (sec  alwvc), 
while  ozone  oxitlizes  them  rapidly. 

The  heats  of  reaction  show  thv  differoncc  v«r>-  clearly.  In 
equation  (2),  1800  cnl.  is  the  amount  of  heat  which  would  be 
liberated  if  indigo  could  be  oxidixed  to  istitin  by  ox>'gen  gas. 
Wiien  osone  is  used,  we  obtain,  in  addition,  the  heat  of  decompo- 
sition of  this  substance  (wiuation  1),  so  that  the  total  heat  liber- 
ated (ef|uation  3],  63,200  cjil.,  is  3.^  times  as  great  as  in  equation 
(2)  where  free  oxj-gen  is  the  oxidizing  agent : 

20,  =c  20,  (-1- 20)      +      61,400  cal.        (I) 
CwHwNiO,  +  (20)  =  2C8H.Na         +         1800  cal.         (2) 


Ci*H»NA  +  20,  •=  2C,H,N0,  -I-  20,  +  63,200  cal. 


(3) 


By  similar  reasoning  we  explain  the  superiority  of  potassium  pei^- 
manganate  over  free  oxj-geii  for  oxidizing  hydrochloric  acid  (p. 
157).  Substances  which  are  more  active  oxidiiera  than  is  free 
oxygen  may  be  called  active  oxidizing  acanta- 
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It  should  be  not«d  that  wticn  ozoiii;  uvts  as  im  oxidizing  ngmt, 
usually  oaiy  ouc  of  the  ntouis  of  vxypL-n  m  (itch  iiiolocuk'  plays 
this  port,  and  oxygcu  gus  is  formed.  Thiii  is  illustrated  io  oil  the 
three  examples  cit4>d  in  tlic  prcciniing  ecction. 

Allotropic  Motlificaliorui,  —  We  have  seen  that  a  substance 
may  oxist  in  more  than  the  tlircc  rcgulur  stuti^,  sohd,  liquid,  and 
gaseous.  When  a  simple  sul)stAitcc  ^uws  more  tJian  one  form, 
in  the  same  state,  like  oxj'gcu  and  ozone,  we  call  them  allotropic 
fflodiflcatlons. 

Htdhooen  Peroxide  HjOj 

Hydroppn  peroxide  in  found  in  minute  amount's  in  rain  and  snow, 
1 1  is  formed  in  small  qiiantitiea,  in  a  way  not.  at  present  fully  under- 
stood, when  moist  metals,  like  zinc,  lead,  and  coppp-r,  rust. 

Preparation  oJBydrogen  Peroxide.  —  When  sodium  peroxide 
is  added,  a  little  at  a  time,  to  a  cold  dilute  acid,  hydrogen  peroxide 
is  set  free  and  remains  dissolved  in  the  liquid. 

NaA  +  2BC1  i=f  2Naa  +  H,CV 

When  hydrated  barium  peroxide  (BaOi,SHiO)  is  shaken  with 
cold,  dilute  sulphuric  acid  a  similiu-  action  takes  place: 

BaO:  +  HsSO*  si;  BaSO,  i  +  H,0,. 

Phosphoric  acid  is  largely  employed  instead  of  aulphnrit"  add  in  the 
cymmercial  manufacture  of  hydrogen  peroxide,  and  great  care  is 
taken  to  precipitate  the  other  products  and  all  impurities  from  the 
solution. 

An  aqueous  solution  is  also  obtained  by  passing  carbon  dioxide 
through  barium  peroxide  suspended  in  water: 

BaOi  +  COt  +  HiO  t*  BaCOj  \  +  HA. 

Pure  hydrogen  peroxide  is  isolated  from  any  of  these  solutions  by 
distillation  under  reduced  pressure.  To  seeure  the  low  pressure, 
the  ordinary  distilling  apparatus  (Fig.  61,  p.  93}  is  made  com- 
pletely air-tight,  and  is  connected  by  a  branch  tube  with  a  water- 
pump.  Hydrogen  peroxide  is  much  less  volatile  than  water,  but 
decomposes  into  water  and  oxj-gen  violently  at  100".    Hence  the 
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lower  pivsEurc  is  required  to  make  possible  its  volatiliisation  at  a 
temperature  bdow  this  point.  At  26  mm.  preflaure,  the  wat«r 
begins  to  pass  o0  first  {at  about  27').  Tbe  last  portion  of  the 
liquid  boils  nt  69°  and  ia  hydrogen  peroxide. 

By  evaporating  the  commercial  (3  per  cent)  solution  at  70",  a 
liquid  oontniniiiK  4-'j  per  rent  of  hydrogen  jxroxidc  may  be  made 
without  niiieli  loss  of  the  malarial  by  volntilizatiou. 

Phyxical  Propertle*.  —  Hydrogen  peroxide  (100%)  is  »  8>'™py 
liquid  of  .ip.  gr.  1.5.  It  blisters  the  skin  and,  when  diluted,  has 
a  disagreeable  metallic  taste.    It  has  been  froEcii  (m.-p.  —2*). 

Chemical  Propt^rtiex.  —  Hydrogen  peroxide  (100  per  cent)  is 
verj-  unstable,  and  decomposes  slowly  even  at  —20°.  The  diIut/» 
aqueous  solution,  when  free  from  impurities,  Icecps  fairly  well. 
The  presence  of  a  trace  of  free  acid  increnaes  its  stability.  Free 
alkalies  and  most  salts  assist  the  decomposition;  hence  the  neoea- 
sity  for  purifying  the  commercial  solution.  A<l(lition  of  powdered 
metaU,  of  manganese  dioxide,  or  of  charcoal  (contact  action) 
causes  effer\'eecence  even  in  dilute  solutions,  and  oxygen  escapes: 

2H,Oj-.2H,0  +  0,. 

Since  the  substance  cannot  he  vaporized,  even  at  low  pressure, 
without  some  decomposition,  its  molar  weight  has  been  determined 
by  the  freezing-point  method.  The  frcCBing-point  of  a  3,3  per  cent 
solution  in  water  waa  -2.03°.  Substitution  of  these  data  in  the 
formula  (p.  214)  ^vck  31.8  g.  as  the  molar  waight.  Now  the  for- 
mula HO  corresponds  to  a  molar  weigiit  of  17  and  HtOj  to  one  of 
34.     It  is  evident,  therefore,  that  the  hitter  \a  tiie  correct  formula. 

Hydrogen  peroxide,  in  solution  in  water,  a  af««blaacld.  As  an 
acid  it  enters  into  double  decompoBition  readily,  and  the  peroxides 
are  salts  with  the  negative  radical  0»"  (pcroxidates).  Thus, 
when  hydrogen  peroxide  is  added  to  solutions  of  barium  and 
strontium  hydroxides,  the  hydrated  peroxides  appear  as  cryatatUne 
precipitates: 

Sr(OH),  +  HA  ^  2H,0  +  SrO*. 

The  precipitation  invtJvea  another  equilibrium:  Sr<^  +  SHiOp* 
SrO,^H,0  (solid). 
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The  formation  of  a  beautiful  blue  aubetance  hy  the  action  of 
bydroften  peroxide  upon  dichromic  acid  is  used  a»  a  taat.  The 
teat  is  carried  out  by  adding  a  drop  of  potassium  dichromate  to  an 
adduUUed  solution  of  the  peroxide.  The  add  interacts  with  the 
dicbromate,  giving  free  dichromic  acid: 

H1SO4  +  KjCtiOi  ^  HtCriOr  +  K,SO,. 

The  blue  subBtance,  which  is  very  nnatahle  and  (luickly  decom- 
poses, is  a  perchromic  acid.  A  bhie,  crystalline  perchromic  acid 
(H0)4Cr(00H}j,  which  decomposes  above  —30°,  has  been  pre- 
pared. The  blue  subatance  ha«  the  property,  unusual  in  inor- 
ganic compounds,  of  dissolvinf?  much  more  readily  in  ether  tlian 
in  water.  It  is  also  much  leaa  unstable  when  removed  from  the 
foreign  materials  in  the  aqueous  solution.  Hence  the  test  is 
rendered  more  delicate  by  extracting  the  solution  with  a  small 
amount  of  ether.  In  the  ethereal  Ia>-er  the  color  of  the  com- 
pound is  more  permanent,  as  well  as  more  distinctly  visible  on 
account  of  the  greater  concentration. 

Hydrogen  peroxide  is  a  much  more  acti\'e  oiJdizliv  a««nt  than  is 
free  oxygen.  This  would  be  expected  from  the  fact,  that  it  con- 
tains so  mucli  more  internal  energy  thaji  the  water  and  oxygen 
into  which  it  decomposes  (p.  223),  that  23,100  cal.  are  liberated  in 
the  decoinpoeition  of  one  mole.  Thus,  it  hbcratcs  iodine  from 
hydrogen  iodide,  an  action  which,  in  pre^ienoe  of  xturch  emulsion 
((if.  p,  200),  is  used  as  a  test  for  its  presence: 

2HI  +  HiOt  -♦  2H,0  -I-  Ij. 

It  converts  sulphides  into  sulphates.  The  white  le^  (q.v.)  used  in 
paintings  is  changed  by  the  hydrogen  sulphide  in  the  air  of  cities  to 
black  lead  sulphide:  Pb,(OH)-(CO,),  +  3H^  -^  3PbS  -|-  4HjO  + 
2C0i,  This  may  be  oxidized  to  white  lead  sulphate  by  means  of 
hydrogen  peroxide: 

PbS  -I-  4HA  —  PbSO.  -I-  4H,0, 

ftnd  in  this  way  the  original  tints  of  the  picture  may  be  practieally 
restored.  Organic  coloring  matters  are  changed  into  colorless  sub- 
stances by  an  action  similar  to  that  of  oxone  (r/.  p.  221).  Hence 
hydrogen  peroxide  is  used  for  bleaching  ailk,  feathers,  hair,  and 
ivcoy,  which  would  be  destroyed  by  a  more  violent  agent.    Th« 
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products  of  its  decomposition,  being  water  and  oxygen  only,  are 
harmless,  and,  on  this  account,  it  is  used  iii  ilisinfecting  (destroy- 
ing organisms  in)  sores,  and  as  a  throat  waah. 

Hydrogen  peroxide  exercises  the  functions  of  a  rodudng  ac«Qt  in 
special  cases,  also.    Thus,  silver  oxide  is  reduced  by  it  to  silver: 

AftO  +  HA  -.  2Ag  +  H,0  +  O,. 

A  solution  of  potassium  pcnnaiigaiiatt!,  in  which  the  permanganic 
aciti  has  been  set  free  by  an  acid :  KMnO*  +  HjSO,  i=i  HMnO*  + 
KHSOj,  13  rapidly  reduced.  Tlic  pcnimngiuiic  acid,  with  excess 
of  sulphuric  acid,  Umdn  to  undergo  the  lir»t  of  the  following  changes, 
iprovidetl  a  ntbalanfe,  such  as  hydrogen  peroxide,  is  present  which 
can  take  poK»e»non  of  the  oxygen  that  wmiM  renuxin  a»  a  baiawx: 


2IIMnO*  +  2H,S0.  ■ 
(50)  +  6H,0, 


■  2MnS0,  +  3H,0  (+  50).     (1) 
..IHiO  +  fiO,.  (2) 


2HMn04  +  2H,S0«  +  SH,Ot  —  2MnS0«  +  8H,0  +  60i. 

Exercises.  —  1.  What  volume  of  ozone  will  Ire  token  up  by  100 
C.C.  of  water  at  12°  from  a  stream  of  oxygen  containing  7.5  per  cent 
of  oione  (p-  129)? 

2.  At  wluit  tenipcraturo  will  a  ten  per  cent  aqueous  solution  of 
hydrogen  peroxide  frtTEc  (p.  2M)? 

3.  Write  the  tJieniioclieniicuI  cqutktiomt  for  oxidation  of  indigo 
by  hydrogen  peroxide  (pp.  221,  224). 

i.  How  many  times  its  own  volume  of  oxygen  gas  will  a  3  por 
cent  solution  of  hydroge-n  ])eroxidc  give  off  when  treatt-d  with; 
(ii)  platinum  powder  (p.  223);  (b)  sulphuric  acid  and  potasitium 
permanganate? 


CHAPTER   XVin 

lONIZATIOM 

Introductory.  —  Aa  we  Lave  socn,  acids,  buses,  and  salts,  wbeo 
dissolved  in  water,  iiitt-ract  with  one  another  by  interehaitfing 
radicals  (p.  148).  We  have  also  learned  that  the  same  solutions 
have  abnonnat  valuee  for  their  fax;zing-points  and  for  two  other 
properties.  These  facts  indicate  dissociation  into  the  radicals  (p. 
216).  Now  precisely  these  solutions  have  a  property  which  is  not 
shared  by  any  other  solutions,  namely,  that  of  being  condudars  of 
dectricity  and  suSering  chemical  decomposition  by  the  passage  of  the 
currertt.  Such  solutions  are  called,  in  eonscqueneci,  •Iflctroljtu, 
and  the  process  is  named  «lectri>lj8li.  Now  the  natural  inference 
from  the  foregoing  facts  is  that  tba  •loctricitj  Is  curled  by  tlw 
Ub«rfttod  ndlols.  Our  first  aim  in  the  present  chapter  is  to  show, 
by  ft  study  of  tb9  oh«mioal  chuigM  tftldiif  place  in  electrolysU,  that 
this  inference  in  corri-i't.  We  thi-ri  pnxMx-^I  tu  iii(*ini.'*--<  tin-  nature  of 
Ions  118  ■  kind  of  molecules.  Next,  we  devote  ourselves  to  tbm 
explftnatlon  of  electrolysis,  to  the  equilibrium  betmen  tbe  ionx  uid 
the  remaining,  undisaoclated  moleoules,  .■in<i  to  conductivity  phe- 
nomenm  ius  a  nieanR  of  measurinR  the  trftcttoo  ionized.  Hrinlly,  we 
deduce  the  relation  between  extent  of  ionization  and  obemicftl 

KCtiTltT. 

Incidentally,  the  facts  to  l»e  given  provide  the  means  of  under- 
standing tlie  electrolytic  processes,  many  of  them  of  great  impor- 
tance in  chemical  industries,  to  which  frequent  reference  is  made  in 
later  chapters. 

Non-Etpctrolytea,  —  To  clear  the  ground,  wc  should  fiwt  note 
the  fact  that  only  solutions  (as  a  rule)  possess  both  of  the  properties 
in  question,  namely  that  of  conducting  and  that  of  being  dccom- 
poaed  by  the  current.  Some  sulwrt-ancea,  notably  the  metals  and 
materials  like  carbon,  are  conductors.  But  they  are  not  cliangeil 
chemicjilly  by  the  current.  Agiiin,  single  substances,  even  when 
they  are  such  as,  if  mixed,  yield  electroI>'teR,  are  not  conductors  at 
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ordinar}-  temperatureB.  'ITius  hydrogKn  chloride,  whether  gaseous 
or  liquefied,  is  a  nonnonductor,  and  water  is  a  very  feeble  conduc- 
tor, although  the  Botution  of  the  two  conducts  exceedingly  well. 
Dr>'  acids,  bases,  and  salta,  except  when  at  a  high  temperature  and 
fused,  are  likenHse  nonconductors.  Furthermore,  even  amongst 
solutions,  not  all  are  conductors.  Solutions  of  sugar  and  other 
substances  of  the  same  class  (p.  213),  which  have  normal  frceong- 
points,  are  nonconductors.  Only  solutions  of  acids,  bases,  and 
wilts  in  certiiin  specified  solvents,  of  which  the  conuaoncst  is  water, 
arc  electrtJytes  at  ordinary  temperature*. 


Chemical  Change*  Taking  Place  in  Electrotysia:  at  t/ie 
Btectrotles.  —  When  the  wires  from  a  battery  arc  attached  to 
platinum  plates  immersed  in  any  electrolyte  {e.g..  Fig.  65,  p.  155),  we 
observe  that  the  products  appearbg  at  the  two  electrodes  are 
alwaj-s  different.  They  may  be  of  several  kinds  physically,  and 
will  be  secured  for  examination  variously  according  to  their  nature. 
Tiius,  when  they  arc  guei,  wiiich  are  not  too  soluble,  they  may  be 
collected  in  inverted  tul)cB  filled  with  the  solution.  SoUda,  if  in- 
soluble in  the  liquid,  will  either  n>main  attached  to  the  electrode  or 
fall  to  the  bottom  of  the  vessel  as  precipitates.  Soluble  substancM, 
on  the  otlier  hand,  will  usually  not  be  visible.  They  may  be 
handled  by  interposing  a  porous  partition  of  some  description 
which  will  restrain  the  diiTusion  of  the  dissolved  body  away  from 
the  neighborhood  of  the  cleclrode,  while  not  interfering  appreciably 
with  the  passage  of  tlie  current.  Surrounding  one  electrode  with 
a  porous  buttery  jar  is  a  convenient  method  for  effecting  this. 

Of  the  various  illustrations  which  we  have  encountered,  the  elec- 
trolysis of  iiydrochloric  acid  (p.  155)  happens  to  have  Ix-cn  the  only 
one  whii-li  delivered  both  components  of  the  solute  with  a  minimum 
of  modificjition  at  the  electrodes: 

Neg.  Wire,  H, H.Cl ►  CI,,  Pos.  Wire.  M 

Hydrogen  does  not  interact  with  water,  and  rhlorine  interacts  \ery 
incompletely,  so  that  the  molecular  .lubfttances  Hj  and  ('Ij  are 
promptly  formed  from  the  elements  H  and  ('I  which  are  liberated. 
The  chlorides,  bromides,  and  iodides  of  thone  metab  which  do  not 
interact  with  water  (p.  60)  give  equally  simple  results: 

Neg.  Wire,  Cm Cu.Bii .Br,,  Pos.  Wire. 
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Thus  the  solute  seems  to  be  split  into  its  radicals  and,  in  elec- 
trolysis, the  radicals,  if  they  do  not  interact  with  water,  are  Bet 
free.  A  substuoce  thus  set  free  is  called  a  primary  product  of 
the  plcctrol>'ei8.  In  the  foregoing  inatancea  both  producbi  are 
primary. 

Usually  tbo  chemical  change  is  more  complex.  Thus,  when 
dilute  sulphuric  acid  is  electrolyzed,  hydrogen  and  oxygon  arc 
liberated  ut  the  negative  and  positive  clfelrodcw,  respectively. 
But  tlioiw  products  do  not  account  for  the  whole  of  the  coiistitu* 
ent*)  (HiSO*),  We  therefore  proceed  to  exainijic  the  nmtcrials  in 
ewlutioii  round  tht^i  elcctruiles.  It  is  found  that,  as  the  action 
progrwwes,  siilpliuric  acid  accuniulute^  round  the  positive  wire, 
while  the  liquid  in  the  noigliborhood  of  tho  other  pole  is  gradually 
depleted  of  this  substance.  In  view  of  this  fact  we  easily  explain 
the  phenomenon.  EvidfHtly  the  substance  divides  into  its  radi- 
cals, H  and  80*,  but  SO4,  not  being  a  kuofvu  substance,  must 
interact  with  the  water  to  produce  !iul])huric  acid  and  oxygen; 
2S0,  -f  2H,0  -»  2H,S0.  +  0,.  The  whole  change  may  therefore 
be  tabulated  att  follows: 

Neg.  Wire,  H, Hj-SO, .  Oi  and  HjSO,,  Pos.  Wir«. 

Hence  the  hydrogen  is  a  primary  product,  but  tho  oxygen  and  sul- 
phuric acid  are  sooondarj  products.  All  acids  give  hydrogen  alone 
at  the  negative  electrode,  whatever  may  be  the  product  at  the 
positive. 

If  we  eleetrolyze  cupric  nitrate  solution,  wc  obtain  a  red  deposit 
of  metallic  cop|>er  on  the  negative  pl.it^  and  at  the  positive  end 
oxygen  and  nitric  acid  are  formed.  We  infer,  therefore,  that  the 
division  of  the  original  molecule  was  into  Cu  and  NOt,  but  that  tha 
latter  interacted  with  the  water:  4N0,  +  2H,0 .  4HN0»  +  0,: 

Neg.  Wire,  Cu< Cu.(NO0» ^Oj  and  HNO,,  Poa  Wire. 

With  a  solution  of  potassium  chloride  we  find  hydrogen  and 
chlorine  appearing  at  the  negative  and  positive  electrodes,  re- 
spectively. Litmus  paper,  however,  shows  the  presence  in  the 
Hulutiuu  of  a  base  (potassium  hydroxide,  KOH)  at  the  negativo 
end.  We  infer  that  the  parts  of  the  parent  molc(;ule8  are  K  and 
CI.  The  former,  since  it  resembles  sodium  in  being  much  more 
active  than  hydrogen  (p.  60),  is  more  difficult  to  liberate.    Hence 
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hydrogen  is  liberated  instead,  and  potuSHium  hydroxide  Femains 
in  the  Uquid:  2K  +  2H0fI  —  2KOH  +  H,: 

Nfg.  Wire,  Hi  and  KOH  • K.Cl •  CU,  Pes.  Wire. 

We  are  ronfirmrd  in  Ihia  explanation  when  we  employ  a  solution 
containing  a  mixture  of  salts  of  copper  and  silver.  The  latter, 
being  the  less  active  metal,  is  first  deposited,  alone.  The  copper 
is  liberated  only  after  all  thie  silver  has  been  set  free. 

Having  now  Iwfore  us  the  results  of  electrolysing  some  typical 
subataneee,  we  bring  these  results  into  relation  with  the  facta' 
described  in  Chapter  XVI.  Acids  contain  hydrogen  which  pos- 
sesses certain  specific  properties  (p.  210),  and  by  electrolysis  all 
acids  divide  so  as  to  pvc  up  this  coristitiietU  atone  at  one  electrode. 
The  evidence  that,  the  other  railical  has  different  electrical  propei-- 
tie«  which  carry  it  to  the  opjjosite  plate  is  conclusive.  Again,  salts 
undergo  double  decompositioo  in  which  they  exchange  radicals 
with  adds,  ba-ai^,  and  other  saltw  (p.  211),  and  we  find  that  it  is 
tluM  nry  radicals  whlcb  are  withdrawn  from  Um  solution  by  tha 
Influanco  of  th«  electrieitr.  Furthermore,  the  radicals  exist  free  in 
the  dilution.  I«iiig  funm-d  by  dissociation  of  the  mnWiile-s  (p.  216). 
Hence  the  functioa  at  tlie  eleetrieity  seems  simply  to  consist  in  sifting 
apart  the  two  kinds  of  free  radicals  which  each  solution  contains. 
It  only  remains  for  us  to  explain  in  detail  the  sifting  action  of  the 
current.  Before  turning  to  the  explanation  of  this  phenomenon, 
howG^'cr,  there  is  one  question  which  may  be  answered  in  passing. 
Bince  a  solution  may  eventually  be  cleared  of  idl  the  hydrochloric 
acid,  for  example,  which  it  contains,  wc  should  like  to  know  bow 
the  free  radicals  in  the  center  of  the  cell  reach  the  electrodes. 


Ionic  \tigration.  — To  know  how  the  free  radicals  reach  the 
eleftro<lcs,  all  that  is  necessary  is  to  take  a  material,  one  (or  both) 
of  whose  radicals  is  a  colored  substance,  and  watch  the  move- 
ment of  the  colored  material  as  it  drifts  towards  the  electrode. 
Most  salts  which  give  colored  solutions  are  suitable.  In  very 
dilute  cupric  sulphate  solution,  for  example,  a  freezing-point 
determination  shows  that  the  depression  has  practically  double 
the  normal  value  In  other  words,  the  diasodation  into  the 
radicals,  CuSOt^iCCu)  -|-  (SO,),  is  almost  complete.  Now,  the 
blue  color  of  the  solution  cwmot  be  due  to  the  few  remaining 
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molecules  of  CUSO4,  for  anbydraus  cupric  sulphate  is  colorl«s. 
Nor  in  it  due  to  the  color  of  the  (SO4)  radicsb,  for  dilute  poUasiuni 
sulphate  and  dilute  sulphuric  acid  are  both  colorless.  On  the  other 
hand,  all  cupri«  salts,  in  dilut«  solutiou,  have  the  same  lint.  The 
color  b  ll>erefore  that  of  llie  free  cupric  radical  (Cu).  In  order 
most  clearly  to  see  the  motion  of  the  cupric  radical,  we  place  the 
cupric  sulphate  solutioQ  in  the  middle  of  the  space  between  the 
electrodes,  and  place  between  it  and  the  latter  a  cotorkss  con- 
ductinx  solution.  The  mottoii  of  the  blue  aiaKrial  across  the 
boundary  may  then  be  oagUy  observed. 

The  most  convenient  arrangenwnt  is  to  diasolve  the  cupric  sul- 
phate in  wann  water  containing  about  5  per  cent  of  af;ar4(car  (a 
gelatine  c^ttuned  in  Cliiiui  fruin  certain  iiea-weeds),  and  to  fill  nith 
thi."!  mixture  the  lower  pi\rt  of  a  U-tube  (Fig.  79).  The  setting  of 
the  jelly  prevents  subsequent  mixin|[  of  the  cupric  sulphate  system 

of  materials  with  the  rest  of  the 
tilling  of  the  tube,  and  the  eonse- 
quentdiaippearanceof  the  bound- 
ary. A  few  grains  of  charcoal  are 
scattered  on  the  surface  of  the 
jcUy  t<i  mark  IIk-  pnvwnt  limits  of 
the  colored  Mibetuuce,  and  a  solu- 
tion of  some  colorless  electrol>'t«, 
surb  as  pota.'ttuimi  nitrate,  is 
iMldeil  on  eacli  (tide.  To  prevent 
agitation  of  the  liquid  by  the 
effervescence  at  the  electrodes,  it 
is  well  to  uae  agar-agar  with  the 
lower  part  of  the  colorless  liquid 
also.  The  whole  is  finally  placed 
in  ice  and  water,  to  prevent  melt- 
ing of  the  jelly  by  the  heat  caused  by  reaistanoe,  and  the  current 
is  then  turned  on. 

After  a  time,  we  observe  that  the  blue  cupric  radicals  ascend 
above  the  mark  on  the  negative  and  descend  away  from  it  on  the 
pomtive  Bide,  In  ejich  case  there  is  no  shading  off  in  the  tint.  The 
motion  of  tha  whole  aggregate  of  colored  rndicttis  occurs  in  such  u 
way  that,  if  the  contents  of  tlie  tube  were  not  held  in  place  by  the 
jelly,  we  should  believe  that  a  gradual  motion  of  the  entire  blue 
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BolutioQ  was  being  observed.  With  &  current  of  110  volUi,  aDd  a 
IG-candle-powor  (ouc-half  ampere)  Ijirnp  iu  acricx  with  the  cull,  the 
effect  becomes  apiurent  in  a  few  minutes. 

Although  the  (SO*)  rftdiculs  arc  invisible,  we  may  itafcly  infor 
that  they  are  di-ifting  towards  the  ponilivc  electrode.  ludml,  this 
can  be  deiuooetratod  by  inter|>oeing  »  shallow  luj-cr  of  jcUy  oon- 
taiuing  some  bariuin  salt  a  little  distaucv  above  the  charcoal  layer 
ou  the  positive  side.  When  the  (S0()  reachi^s  ihi;*,  barium  sul- 
phate BoSOi  begins  to  be  precipitated  and  the  layer  becomes 
cloudy.  In  similar  ways  the  progress  of  other  colorless  ions  may 
be  renderetl  visible. 

It  appears,  therefore,  that  elect rolj-sis  is  not  a  local  phenumeiioii, 
going  on  round  the  eleetro<les  only,  but  that  the  vhoU  ot  tha 
.  prodTiota  of  the  dluoolation  of  tb«  toluto  art  sot  in  motioo.  1 1  is  on 
account  of  this  roniarkable  property  of  traveling  or  migratisc 
towanis  one  or  other  of  the  electrodes  that  the  individual  atuins 
(like  Cu),  or  groups  of  atoms  (like  SO*),  have  been  named  Ions 
(GV.,' Doing).  The  term  was  first  applied  by  Faraday  to  the 
materials  liberated  rnuii<l  the  electrcxies. 

Different  ionic  substances  move  with  different  speeds  when  pro- 
pelled by  the  same  current.  The  hydrogen  radical  of  acids  (H)  is 
th©  most  speedy,  tlie  hydroxy!  radical  of  bases  (OH)  comes  next. 
TfaMC  are,  rcspertively,  about  five  and  two  and  one-half  times  as 
fast  as  any  other  ions.  The  actual  speeds  of  several  ions,  in  dilute 
solutions  at  18*,  when  driven  by  a  potential  difference  of  1  volt 
between  plates  1  cm.  apart,  espresaed  in  cm.  per  hour  is:  H  10.8, 
OH  5.6,  Cu  1.6,  SO,  1.6,  K  2.05,  C[  2.12. 


r/i«  Nature  of  lona:  Faraday's  Lava.  —  That  the  molecules 
of  certain  classes  of  substances,  although  seemingly  without  chemi- 
cal interaction  with  the  water  ui  which  thoy  arc  dissolved,  ebould 
nevertheless  be  decomposed  by  the  influence  of  the  water,  is 
strange,  but  not  mconceivable.  Heatmg  produces  a  somewhat 
simihu-  effect  on  many  aubstanccs.  The  novel  fact,  for  which  on 
Qgplytiat.inn  \a  demanded,  m  that  the  molecules  of  the  products  of 
the  diasoctatioR  appear  to  be  attracted  by  electrically  charged 
plates,  which  have  been  lowered  into  the  solution,  while  molocukc 
of  dissolved  sugar,  for  example,  are  not  so  attracted.  Now  the  only 
bodies  which  we  find  to  be  conspicuously  attracted  by  electrically 
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chained  objects  arc  bodi<«  which  are  iJready  provided  with  clectrie 
tAarge*  of  their  own.  Thus  we  are  led  to  add  the  idea  lh»t  »ul>- 
Btancee  which  undi<rrgo  disxociution  in  solution  dlTid»  tbamialna 
into  ft  !«pccml  kind  uf  •lecbteallr  chArgfld  molMulm. 

^intf  the  Rohition,  us  u  whole,  has  it*oI/  no  charKi'.  equal  qu»o- 
titlaa  of  poHitivt  uid  neffMlv*  olectridty  mtut  ba  producod: 

HO  sii  H+  +  a-  Naa  ?±  Na+  +  CP  NaOO  f^  Na*  +  0H~. 

This  means  that  bivalent  radicals,  on  diaaociation,  will  become  ions 
carrying  a  double  charge  and  trivalent  ions  must  carry  a  triple 
charge: 

CuCI,  ?=!  Cu-^  +  2C1-        CU.SO4  iz±  Cm*^  +  B0,= 
K^04  *=t  2K+  +  804=         FeCU  ^  Fe++*  +  gQ- 

Iti  these  e(|uation8,  the  coefEcieuts  multiply  the  charges  as  well . 
the  nidici^ls  bearing  the  charges,  and  it  will  be  seen  that  the  uum- ' 
bers  of  +  and  —  charges  produceil  by  each  dissotiation  are  etfual. 
Hence,  uainJmt  ions  all  possess  equ»l  quAntitins  of  electricity,  and 
othar  Iflou  bear  quantities  greater  than  this  in  proportion  to  thetr 
talatiM.  This  is  an  inevitable  inference  from  the  electrical  neu- 
trality of  all  Aniiitioiis.  An  ion  is  therefore  an  atom  or  group  oS 
atoms  bearing  an  electric  charge. 

This  conclusion  is  confirmed  by  actual  measurement.  When 
hydrochloric  acid  is  electrolyzed,  35.46  g.  ( =  Ct)  of  chlorine  are 
liberated  for  everj*  l.OOS  g.  (=  H)  of  hydrogen.  But  when  cupric 
cldoridc  CuCl,  is  subBtitute<l,  for  every  35.46  g.  ( =  CI)  of  chlorine 
set  free,  only  31.78  g.  (=  J  Cu  =  J  63,57)  of  copper  is  deposited. 
The  law,  discovered  by  WaxaOMj,  is  that :  equal  quantltlM  of  aleetilo- 
Itr  liberate  equivalent  quantitlea  of  the  Ions  (equivalent,  p.  65, 
not  atomic  or  molecular). 

To  show  that  this  view  of  the  nature  of  the  ion«  is  adctiuuti',  we 
next  apply  it  to  the  explanation  of  the  phenomena  of  (dodrolyvis. 
After  that  some  seeming  objectiuu^t  will  be  discussed. 

Application  to  the  Explanation  0/  Eleclroly»Us.  —  A  bat- 
tery is  a  machine  which  maintains  two  ]H>itits,  itit  pules,  or  two 
wires  connecte<l  with  them,  at  a  constant  differenoe  of  |)ot«ntial. 
One  cell  of  a  lead  storajte  battrery,  for  example,  maintains  a  poten- 
tial difference  of  about  two  volts.     When  the  wires  are  joined. 
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^■oircctly  or  indirectly,  the  polyjs  urc  immediately  discharged,  but  the 
cell  coDt  itiuouMly  roproducos  the  difference  in  potential  by  f^nerat- 
ing  fresh  electricity.  Now  the  effect  of  immersing  two  plates,  one 
of  which  is  kept  by  the  battery  at  a  definite  positive  potential  and 
the  other  at  a  defiiiitiO  negative  potential,  into  a  liquid  filled  with  j 
multitiides  of  minute,  suspended  bodies,  already  highly  eluded, 
may  easily  be  foreset^n. 

The  figure  (Fig.  SO)  will  convey  some  idea  of  the  behavior  of  the 
parts  of  a  system  such  as  we  have  imagined.  The  electrodes  are 
marked  —  and  +.  The  negatively  charged  plate  attracts  all  the 
positively  charged  particles     (.„j,„,„  ^  ^^^^ 

iu  the  veastel  and,  although         _        .— ™iiun  =  A«  ^ 

theae  particles  were  in  con-      j^^T^  '"'""  "  ^*'*~* 

tinuoufl  and  irregidar  mo- 
tion, they  at  once  begin  to 
drift  toward  the  plate  in 
question.  On  the  other 
hand,  th«  negatively 
charged  parUcIea  are  re- 
pelled by  this  plate  and 
attraeted   by   the   positive 

plate,  BO  that  they  drift  in  the  opposite  direction.  Those  which  are 
neoreet  each  pUite,  on  coming  in  contact  with  it,  will  have  their 
charges  of  electricity  neutralized  by  the  opposite  chiu'ge  on  the  plate, 
turning  thereby  into  the  ordinary  free  forma  of  the  matter  of  which 
they  are  compoeed.  The  continuous  removal  of  the  electrical  charges 
of  the  plates  through  contact  with  ions  of  the  opposite  charge  fur- 
nishes occaaion  for  recharging  of  the  plate  from  the  battery,  and  thus 
gjves  rise  to  a  continuous  current  in  each  wire.  Again,  the  continu- 
ous drifting  of  positively  and  negatively  charged  particles  iu  oppo- 
site directions  through  the  liquid,  constitutes  what,  in  the  view  of 
all  external  memiB  of  olraervation,  appears  to  be  an  elcetieal  current 
in  the  liquid  also.  A  luagnetizcd  needle,  for  example,  wliich  is  de- 
flected when  brought  near  to  one  of  the  wires  of  the  battery,  is  in- 
fluenced in  the  same  way  by  iK'ing  brought  over  the  liquid  between 
the  electrodes.  The  ilhision,  so  to  speak,  of  an  electric  current  is 
complete,  although  in  reality  it  is  a  convection  of  electricity  that  is 
taking  place.  Furthermore,  the  quantity  of  electricity  bung  tran,*- 
ported  across  any  section  of  the  whole  system  is  the  same  as  that 
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across  any  other,  whether  this  section  be  taken  throu^  one  of ! 
wires,  throiiRh  the  fi!cctroI>-te,  or  even  through  the  batl«ry  at  any 
point.  As  fast  aa  the  ions  are  thus  annihilated  as  such,  the  uncU»- 
aociated  moleculea  (mingled  with  the  ions,  but  not  shown  in  the  fi^ 
ure)  dissociate  and  produce  fresh  ones,  as  in  aD  chemical  equilibriA. 
Eventually,  by  contuiuing  the  process  long  enough,  if  the  sulwlanccs 
set  free  are  actually  depositi^d  »nd  do  not  go  into  solution  again 
in  any  form,  the  liquid  can  be  entirely  deprived  of  the  whole  of  the 
solute  which  it  contains. 

The  analogy  to  the  transportation  of  a  fluid  like  water  is  nolic«s 
ablc,  although  not  complete.  Water  may  be  transported  in  thnii 
wa>-9.  It  may  flow  through  a  pipe,  it  may  paw  by  pouring  freely 
from  one  container  to  another,  and  it  may  be  curried  in  vessels. 
Tims  a  sti-eam  of  water,  essentially  continuous,  might  \k  uminged, 
in  wliieh  part  of  tb<r  psissitge  took  place  through  the  pipes,  part  by 
pouruig  from  the  piptw  into  buckets,  and  purt  by  the  carrying  of 
those  buckets  between  the  ends  of  the  pijK's.  The  quantity  of 
water  pasiting  u  given  point  ixt  minute  in  tiiis  system  would  Iw?  the 
3fttne  at  every  part,  although  the  actual  metho<l  by  which  the  water 
was  transported  past  the  various  points  might  be  dilTereot.  In 
such  a  disjointed  circuit  we  suppose  tlie  electricity  to  move  when 
carried  from  a  battery  through  an  electrolytic  cell.  It  flows  in 
the  wire,  passes  by  discharge  between  the  pole  and  the  ion,  and  is 
transported  u|X)n  the  ions  in  the  lit|uid.  The  paralW  is  imperfect, 
however,  because  we  have  used  the  conception  of  tivo  electric  fluids 
and  because  (Ac  ion*  nre  nhetidy  chargfd  in  the  itolutixtn,  arid  fiefort 
any  connection  with  the  battery  is  made.  They  do  not,  so  to  apeak, 
transport  the  electricity  of  the  battery,  but  their  own. 

Queiitinn»  Suggentett  hy  thia  Explanation.  —  1.  The  que.'^ 
tion  was  raised  (p.  217),  as  to  how  we  can  ima^e  separate  atoms 
of  sodium  to  exist  in  water  without  acting  upon  it,  as  the  metal 
sodium  usually  does.  But  the  ions  of  aodium  in  sodium  chloride 
solution  are  not  metallic  sodium.  Thej-  bear  large  charges  of 
electricity.  They  possess  an  entirely  difl'erent,  and  in  fact,  by 
measurement,  much  smaller  amount  of  chemical  energy  than  free 
sodium.  And,  as  we  have  seen,  the  properties  of  a  substance  are 
determined  as  much  hy  the  energy  it  contains  as  by  the  kind  of 
matter.    Metallic  sodium  and  ionic  sodium  are,  simply,  different 
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RubHtftttcm.  Besides,  wlieti  metallic  sodiuDi  acts  on  w«tcr,  it  turns 
into  the  ionic  sodium  of  sodium  hydroxide  (Nft*  +  OH~i=?N«OH). 
Ionic  sodium  (N'a^)  from  sodiuui  chloride  itt,  tlierefore,  already  in 
the  very  state  which  metallic  sodium  reaches  by  interaction  with 
water,  and  is  in  no  need  of  trying  to  enter  that  state. 

2.  We  think  of  hydrogen  chlori<le  and  common  salt  as  exceed- 
ingly stable  substances,  and  are  averse  to  believing  that  precisely 
tbeBe  compounds  ahould  bo  highly  dissociated  by  mere  solution  in 
water.  But  it  must  be  remembered  that  in  solution  they  undergo 
chemical  change  very  easily,  and  it  is  only  in  the  dry  form  that 
they  show  unusuid  stability. 

3.  Again,  wliy  do  not  the  ions  combine,  in  response  to  the  at- 
tractions of  their  charges?  Tlie  answer  is  that  they  do  combine, 
but  the  rate  at  which  combination  takes  place  is  no  greater  than 
that  at  which  the  mok-culc'^  decompose,  so  that  on  the  whole  the 
proportion  of  ions  to  molecules  remains  unchanged. 

4.  It  niigtit  appear  that  the  iilcn  that  bodies  could  retain  high 
chsirges  in  the  midst  of  water  is  coutrarj-  to  all  experience.  It 
must  be  remeinb<,Ted,  however,  that  the  niok-culiir,  pure  water, 
which  separates  the  ions  from  one  another,  is  a  perfect  nonconduc- 
tor. The  moisture  which  covers  electrical  apparatus  and  causes 
leakage  of  static  electricity  is  not  pure  water,  but  a  dilute  solution, 
containing  cnrlwnic  acid  (p.  Dl)  and  materials  from  the  glass  of 
which  the  apparatus  is  made  (p.  92).  It  conducts  away  the 
cluirge  electrolj-tically,  by  means  of  the  ions  it  contains,  and  not 
by  itwlf  acting  as  a  conductor. 

5.  Finally,  when  we  dissolve  an  electrically  neutral  salt  in  water, 
whence  do  the  radicals  obtain  the  electric  charges?  We  now  know 
that  an  atom,  say,  of  sodium,  contains  a  minute  nucleus  of  positiw 
electricity,  which  contains  most  of  the  mass  of  the  atom.  Outside 
of  this  nucleus,  there  arc  particles  of  negative  electricity,  called 
stactrons  (q.v.),  each  having  a  mass  about  one-olghteen  hun- 
dredth (rsW)  <*^  that  of  an  atom  of  hydrogen.  An  ion  of  chlorine 
(CO  consists,  therefore,  of  un  atom  of  chlorine  p/ws  one  electron 
(CI  +  <)•  An  ion  of  sodium  is  an  atom  of  sodium  miniis  one 
electron  (Na  —  <]  and  has  thus  an  excess  of  one  unit  potntive 
charge  in  the  nucleus.  When  these  two  ions  oomtMoc,  the  result- 
ing molecule  NaCI  is  ueutral. 
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ReHumi  and  Somvitflature.  —  The  dtasociation  of  molwulea 
into  ions  is  namfd  ionlsfttlon.  The  8ui)stanc»t  of  the  three  cUssee 
which  alone  are  ionized  may  be  (lengnated  lonocana.  An  Ion  may 
be  dflflned  a«,  a  molecule  liearing  negative  or  positive  charges  of 
electric-it  J-  in  proportion  to  its  valence,  and  formed  through  the 
disNooiation  of  an  ionogen  by  a  solvent  like  water. 

Eiich  molecule  of  the  aolute  givca  two  kinda  of  ions  with  opposite 
tilittrgc-a.  Thcist-  two  are  forthwith  distinct  and  independent  sub- 
8taiici.'-'<,  sjivc  tliat  the  attractions  of  the  charges  prevent  any  con- 
siderable reparation  by  ditfusion.  The)'  differ  from  non-ionic 
stibstanecs  of  the  sturii;  material  composition  when  such  are  knon'n. 
The  electrical  charge!  ia  one  of  the  ctuK-ntial  constitucata  ami,  when 
it  ia  removed,  the  properties  alter  entirely.  Thus  we  Iwivc  two 
kinds  of  hydrogen,  gaseous  molecular  hydrogen  (H|),  and  ionic 
hydrogen  (H+),  with  entirely  diflFercnt  ebcoucal  properties. 

The  radical.^  and  their  chetiiicHl  befaftvior  Are  real,  and  all  the 
peruliaritie»  of  aqueous  solutions  of  acids,  bases,  and  salts  are 
experimental  facts.  Wc  now  have  experimental  knowledge  of 
the  minute  pfirta  of  IxHlies.  Molecules  are  units  which  are  not 
commonly  disintegrat-ed  by  vaporisation  (p.  102);  ions,  those 
which  are  not  conunonly  disintegrated  iti  double  decomposition  io 
solution;  atoms,  those  which  are  not  commonly  diaint«grat«d  in 
any  chemical  action.  The  ionic  explanation  was  first  suggested 
as  an  hypothesis  by  Svante  Arrhenius,  a  Swedish  che-mist,  in 
1887. 

Since  ionic  hydrogen,  ionic  chlorine,  etc.,  are  entirely  different  in 
physical  and  chemical  properties  from  the  corresponding  free  ele- 
ments, they  should  receive  separate  nanus.  When  it  is  ineon-' 
vcnient  to  say  "ionic  hydrogen,"  "ionic  nitrate  radical"  (NO,"), 
etc.,  the  following  namw  will  be  used  for  the  Ionic  subitancM: 


Bym. 

boL. 

NuntaT 
Subdiaoce 

Aoloaol 

Symbol. 

Kunaof 

Hub*tftiic*. 

CatlDD  or  Salt*  Id 

cr 

BSO." 

or 

Si)1phbT»-LrHj 
ChlondA-ion 
Hyiltaiulphau-ion 
nydTQEldfriDa 

SulphMH 

ChLnriilfd 

niaultiliklH 

Ilydraiidw 

F.+»* 
Nil  I* 

F.** 

Sodliun-lDB 

F«rTif}'ios 
Ammooluni-kiii 

FHTOU^-ioB 

HydnvmooD 

aodiom 
l^me  iroB 
Ammonium 

Famnn  inm 
HydrugBD  (mdda) 

IONIZATION 


237 


In  uoing  theae  terras,  note  that  sodium-ion  (with  the  hyphen)  ifl  the 
name  of  the  8tJ)stance,  and  not  of  the  charged  atom.  When 
speaking  in  terms  of  ions  88  pai-ticle«*,  therefore,  we  may  not  say 
"a  8odium4on,"  any  more  than  we  nhould  say  "an  ionic  sodium" 
or  "ionic  »o(tium»."  To  dpscribe  the  chargwl  molecule,  we  must 
write  "a  sodium  ion,"  "nodium  ions,"  "chlornte  ions,"  etc. 

Faraday  distinfiiuished  thp  two  kinds  of  material  which  proceed 
with  and  against  the  positive  current  by  name.  His  terminoIog>'  is 
stiU  used.  Ions  which  proceed  in  the  same  direction  as  the  positive 
current  (Fig,  80)  are  called  cations  (Gk.,  dotrn).  Such  are  H*", 
Cu^K'',  NHf''^.  They  arc  matalllc  «l«m«nta,  orgroups  which  play 
the  part  of  a  metal.  The  electrode  ((ik.,  a  path  far  eltxtridty)  upon 
which  they  are  dcpoflited,  the  negative  electrode,  is  spoken  of  as 
the  cathode  ((ik.,  Ihe  way  down). 

The  particles  which  move  in  the  direction  of  the  negative  cunvnt, 
and  aR&inst  that  of  the  positive,  are  named  anions  (Ok.,  up).  The 
ions  Cr,  NOi~,  S0«=,  MnO,"  are  of  this  kind.  'ITiey  are  usually 
composed  of  &on-m»talg,  although  sometimes,  as  in  MtiOj",  the  con- 
stituents may  be  partJiilly  metallic.  They  arc  set  free  at  the  posi- 
tive electrode,  which  is  therefore  named  the  anod*  (Gk.,  Ihe  way 
vp).  ClioiiuNt!*  spcftk  of  inctftls  and  non-mct-til?  iis  positive  mid 
nvcative  olementt,  rcstx-ctivcly,  even  when  electricid  relations  arc 
not  directly  in  question,  and  ions  arc  not  concerned. 

Actual  Quantttini  aj  Ehtctrirtty  Conrrmml.  —  The  units 
of  electrical  energy  are  the  coulomb,  which  i.*  the  unit  of  quantity, 
and  the  volt,  which  is  the  unit  of  difference  of  putotitial  (or  prccsure, 
80  to  8pcak).  Faraday's  law  has  to  do  only  with  tlic  former. 
Equal  numljers  of  conlomhs  liberate  equivalent  weight«  of  all 
elements,  but  different  voltages  are  required  to  decompose  differ- 
ent compounds,  according  to  their  stability  (see  Chap.  XXXIX), 

To  liberate  1.008  g.  of  hydrogen,  or  one  equivalent  of  any  other 
element,  96,540  coulombs  of  electricity  are  needed.  The  charges 
on  1,008  g.  of  hydrogen  iona  must,  therefore,  equal  this  amount. 
There  arc  6.07  X  10"  molecules  of  hydrogen  in  22.4  liters  (H»)  and 
therefore  in  2.016  g.  of  the  gas.  A  idmpic  calculation  shows  there' 
fore  that  each  coulomb  is  distributed  over  about  63  X  10''  ions 
of  hydrogen. 

A  current  of  1  coulomb  per  second  is  called  I  ampn*.    Thus, 
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the  current  paffdn);  through  a  l-amp.  lamp  (or  2  balf-ampcn; 
c.p.  lamps  in  parallel)  will  liberate  1.008  g.  (11.2  liters)  of  hydro- 
gen in  06,540  seconds,  or  26  hours  aiid  49  minut<«.  The  same 
current  will  libcTulc  107.88  g.  of  silver  (Ag*),  or  31.78  g.  of  copper 
CCu''/2)  from  cupric  sulphate  in  the  same  time.  A  current  of 
5  amperes  will  accomplish  the  same  result  in  one-fifth  of  the  time. 

Applications:  Ionic  Cf/u{/f  brium.  —  Since  the  ions  are  chemi- 
cally different  from  their  parent  molecules,  their  formatioD  repre- 
sents a  A-ariety  of  chemical  change.  The  change  docs  not  involve 
any  chemical  interaction  with  the  water.  It  is  simply  a  dissocia- 
tion, i.e.,  reversible  decomposition  of  the  dissolved  substance. 

From  the  fact  that  the  proportion  of  moleciilGs  ionixcd  is  shown 
to  become  greater  as  more  and  more  of  the  solvent  is  added  (p.  215), 
and  that  rejnoval  of  the  solveiit  diminifihes  the  proportion  of  ions  to 
molecules,  and  finally  leaves  the  substance  entirely  restored  to 
the  molecular  condition,  we  know  that  this  is  a  reversible  action  and 
therefore  a  true  dissociation.  The  molecules  and  their  ions  iidjust 
tbcnisclvcs  like  the  constituents  in  any  case  of  chemical  equilibrium 
(pp.  177-182); 

NaClf:±Na+  +  Cr. 


The  chemical  bdiavior  of  sulwtances  in  ionic  equilibrium  wiU 
cUscuased  in  the  next  chapter  (see  p.  249). 

*  The  mode  of  formulation  previously  used  (p.  183)  may  be 
employed  here.  If  [NaClJ,  fNa-^J,  and  [Cl~l  stand  for  the  inolce- 
tllftr  con  ceil  trivt  ions  (numljcm  of  moliw  p".T  liter)  at  equilibrium  of 
the  molerulw,  and  the  two  ions,  respectively,  wc  have  an  etiuUib- 
riuin  constant  (c/.  p.  184),  in  this  case  called  the  lonlMUoa 
constant : 

^  [NaCIl 

When  we  dissolve  a  single  substance  vluch  gives  only  two  ions,  the 
molecular  concentrations  of  thf  ions  are  necessarily  equal.  When 
some  other  ionogen  with  a  common  ion  is  present,  however,  the 
values  of  [Na+]  and  [CI"]  will  be  different. 

*  The  conti>nt  of  this  panKTaph  is  referred  U)  in  Chap.  XX,  but  is  not  em- 
ploj-ed  gysteinAtictilly  until  Chap.  XXXV  w  reaoluid. 
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AppHcationBi  To  the  Interpretation  of  Conductivity 
Measure menta.  —  Wc  hnvc  seen  ihat  when  the  soluiiori  of  aaJ 
ionogpn  is  tUlutcd,  the  proporliou  of  ions  to  undissociated  molecules' 
increases,  while  raiitovul  of  s  part  of  the  solvent  has  the  opposite 
effect  (p.  216).  Now,  s  chanf^  in  the  number  of  ions  naturally 
modifieH  the  capacity  of  the  liquid  for  c&rryinfi  plertricity,  so  that 
observation  of  the  rhangrs  in  the  conductivity  of  a  fwlution,  when 
tbe  concentration  is  altered,  supplies  the  simplest  means  of  studying 
the  phenomena  of  ionixation. 

A rIa^  troUK)> and  amperemeter*  (Fig.  81)  may  beused  toilli 
trate  this  principle.     The  electrodes  are  long  strips  of  copper  foJl^' 
which  pass  down  at  the  ends  of  the  trou^.     After  placing  the  two 
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instruments  in  circuit  with  a  source  of  elertricity,  we  first  pour  very 
pure  water  into  the  cell.  With  this  arrangement,  the  ampere- 
meter does  not  indicate  the  passage  of  any  current  of  olBCtricity. 
Concentrated  (36  per  cent)  hydrochloric  add  i»  next  cautiously 
added  through  a  long-stemmed  dropping  funnel,  so  that  it  forms  a 
ehallow  layer  below  the  water,  and  the  funnel  in  withdrawn.  The 
Bituation  at  this  stAge  is  that  a  dcfiuitc  amount  of  liydrogeu 
chloride  dissolved  in  a  smaU  amouut  of  waU^  fills  what  was  before 
s  nonconducting  gap  in  the  electric  circuit.  The  deflection  of  the 
needle  in  the  ampiTctiictcr  indicut^s  that  a  certain  current  ofj 
electricity  is  able  to  pass  through  tliia  acid.  When  we  now  stir  thoj 
*  Aa  nmjpcr&nnint  of  low  rcawUuioe,  0.5-1  ohm,  muat  b«  wmd. 
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surface  of  tlic  acid  very  gcutly  with  a  thin  glitss  rod,  the  ampere- 
meter instantly  rcspoads,  showing  an  int-ri-asi'  in  conductivity.  A« 
we  stir,  the  conductivity  increases,  and  tJie  increase  ccum's  only 
when  the  liquid  has  Ix^come  hotnogencou;<.  Introduction  of  ao 
additional  supply  of  wat*r  will  improve  tbc  conductivity  still  monj, 
but  the  effect  Iwcomes  less  and  less,  until  no  change  on  further 
dilution  is  peroeplibk'.  fk-iisoning  atwul  these  effect*,  we  perceive 
that  the  amount  of  hydrochloric  aind  has  not  altered  during  the 
experimont.  Yet  tlie  quantity  of  conducting  material  between  the 
deotrodcs  must  have  Ix-come  greater,  for  the  carrying  power  of 
the  whole  has  improved.  We  were  therefore  observing  the  progress 
of  a  chemical  change  of  the  nonconducting  hy<h«gen  chloride  into 
conducting  materials.  Hydrogen  chloride  molecules  do  not  nrry 
electricity  (p.  MS),  but  the  hydrogi-u  and  the  chloride  ions,  into 
which  it  was  gradually  altered  by  chemical  change  during  the 
stirring,  do  carry  electricity.  Furthermore,  the  change  praclicftlly 
ceased  at  great  dilution,  fur  the  dissociatiou  into  ions  was  then 
practically  complete.  If  we  could  conveniently  have  started  with 
only  liquefied,  dry  hydrogen  chloride  in  the  cell,  we  should  have 
observed  the  whole  range  of  changes  from  tfyo  to  the  maximum. 

When  a  saturated  solution  of  cupric  chloride  is  used  instead  of 
hydrochloric  acid,  dilution  is  accompanied  by  a  simitar  improve- 
ment in  conductivity.  Here  we  notice,  beaidcs,  that  the  yellowish- 
grcen  liquid,  with  which  we  start,  changes  to  a  pale  blue,  as  the 
yellowish-brown  molecules  of  cupric  chloride  are  dissociated  and 
the  color  of  the  solution  becomes  more  exclusively  that  of  the 
coppiT  ions.  T\Tien  the  solution  has  beconie  perfectly  blue,  further, 
dilution  ia  seen  to  affect  the  conductivity  but  ahghtly.  m 

Reasoning  still  further  about  these  phenomena  we  see  thjit,  if  we 
Btart  with  a  fixed  amount  of  a  given  substance,  the  conductivities 
at  different  stages  of  the  dilution  mvjst  be  propfrrtional  to  the  numbers 
oj  ions,  and  the  maximum  conductivity  attainable  by  great  dilu- 
tion must  represent  the  effect  when  the  vAok  m^erial  has  become 
ionic.  Thus,  if  the  conductivity  at  the  maximum  w  rcpn-sented, 
say,  by  5,  then  at  the  dilution  where  the  conductivity  is  2,  the 
proportion  of  the  whole  which  is  ionixed  is  2/5.  Wheji  the  con- 
ductivity becomes  4,  4/5  of  the  molecules  are  dissociated  and  the 
degree  (A  ionization  is  0.8.  "When  the  conductivity  becomes  5, 
0/5,  or  all,  of  the  molecules  are  dissociated.    For  example,  in 
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hydrochloric  acid,  if  we  tivkc  the  normal  solution  (p.  124)  containing 
36.5  g,  of  acid  per  liter  us  the  unit  of  oonccntrutioD,  the  fractions 
ioniied  at  various  eonocntrations  are  as  follows:  ION,  0.17;  N, 
0.78;  N/IO,  0.91;  A'/ 100,  0.96.  Thus,  mciisun-ments  of  con- 
ductivity enable  us  to  sludi"  the  ionic  deeompcxiition  of  all  ionogena, 
and  to  8tat«  accurately  the  fraction  ionized,  at  each  concentration, 
in  solutions  of  every  lonogeu.  TliiB  inforni;ition  is  obviously  most 
valuable,  for  it  phiccs  u»  in  a  position  to  know  thi>  exad:  constitu- 
tion of  evcrj'  BoIulioD  we  use  ia  the  lalwratory.  In  the  foUowing 
section  the  data  on  which  sueh  knowledge  can  be  based  is  gtveu. 
In  the  next  chitptcr  the  mode  of  applying;  the  data  is  expliuwd. 

Constitution  of  Sotutiona  of  lonogvng:  Fractions  Ionised. 

—  The  dtluta  acid*  used  in  the  laboratory  are  generally  of  six  tiinw 
normal  (6A')  conoentration.  But,  often,  we  add  only  a  drop  or 
two  to  a  large  bulk  of  liquid,  so  that  the  acids  are  commouly  very 
dilute  an  actually  employed.  The  Kdutions  of  wlti  are  of  differejit 
strengths,  but  the  great  majority  are  of  normal  (.V),  or  even  siuallvr 
concentrations.  In  practice  they,  also,  are  still  further  consider- 
ably dilut^ed  before  use.  If,  therefore,  we  give  the baetloiu  ionixad 
(totid  molecules  of  ionogen  =  1)  In  dednormal  tolutiont  (exi'Cpt 
when-  otherwise  specified),  the  reader  will  be  able  to  estimate 
roughly  the  proportion  of  each  kind  of  ions  in  any  application  of 
the  rejigent.  In  the  case  of  acids  containing  more  than  one  dis- 
placcAble  hydrogen  unit,  the  kind  of  ionization  on  which  the  figure 
18  based  is  indicated  by  a  period.  Thus  U.HCOi  means  that  the 
whole  of  the  ioniisation  is  assumed  to  be  into  n**  and  HCOi~. 

FR,\CTION    IONIZED  IN  O.IiV  SOLUTIONS  AT  18' 


Acn» 


Nitric  acid 0.02 

Nitric  urid  (oonc,  02^i)    .    .  0.09 

Ilydronhloria  acid Q.Vi 

Ilydruohlorie     add     (cone, 

3S% 0,13 

Sulphuric  acid,  n.II.SO,   .    .  0.61 
Sulphuric  kcid  (cone.  0&%)  ■  0.01 

Hydrofluoric  atoA 0.  IS 

Oxulic  ikcid,  H.nCiO.    .   .    .  0.50 
Tariitfic  acid,  HJIT  ....  0  08 

Aa-tic  iwjd  (iV) 0.004 

Awticacid 0.013 


Ceriionic  acid,  H.HOOj     . 

.  0.0017 

Cwbonic  acid  (Ar/26)    .    . 

.  0.0031 

Uydtiigeu  Bulpbide,  U.US 

.  0.0007 

Bnncncid,  TiniDO)  .    .    . 

.  o.ooot 

ITydrocyamo  ftcid   .... 

.  O.OOOI 

I'crmangAnic  ucid  (W/2)   . 

.  0.03 

Ilydriodic  acid  {S/i)     .   . 

.  0.90 

Hydrobruuiio  ftcid  (JV/3)  , 

.  O.W 

Pcrnhlorio  ncid  (A'/S)     .   . 

.  0.88 

Chloric  acid  {Nm     .   .  . 

.  0.88 

rbuaphoric  &eid,  H.B1PO4 

.  0.27 

.  O.Okl 
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BASIsa 


FotMrium  hydroxide     .  .   .  0  01 

Sodiott  hydioxidu O.Ol 

Btuium  hydrnxidc 0,77 

liUiium  liyttroxide  (.V]      .    .  0.03 
TetnnwthylaiDiDoiuuni    hy- 
droxide (y/I6) O.M 


Ammonium  hydroxide  .  .  .  O.OIS 
Strontium  Lydroiide  iN/U)  0.93 
Bnrium  hydroxide  (A'/M)  .  0.92 
Ciilcjuia  hydroxide  (.V/iH)  .  0.00 
Silvtir  hydroxide  (^/1783)  .0.39 
VkUr O.Otl 


PoUflBiuiD  chloride     ....  0.80 

Potawtum  uitraW 0.83 

PDt4MnujD  nceUU 0.S3 

PoUatiuni  mdphatv  ....  0.72 
Ataanum  rjirbonute  .   .   .    .0>.71} 

PotMRum  chlorat« 0.S& 

Ammonium  chloride  ....  0.S& 
Sodium  chloride  (iV)  .  .  .  .  0.66 
Sodium  uhloride  (iV/2)  .   .   .  0.74 

Bodiuni  chloride O.M 

Sodium  lUtrate 0.S3 

Sodium  iK«Ut« 0.79 

Sodium  sulphate 0-70 


Sodium  bioari>onat«, 

NB.HCX), 0.78 

Sodium  phosphate,  Niit.nPQi  0.73 

Sodium  tartrate 0.00 

Biuium  chlorido 0.77 

Calcium  suIphAt«  (y/lOO)    .0.04 

Cuprio  nilphBte 0.39 

Silver  nitrate 0.81 

Zinc  Hulphate 0.40 

ZitiGcbloridn 0.73 

Mercuric  chloride    .   .  .     (<0.01> 
Mf^rcuric  cyanide    ....    Minuto 


In  adilitiou  to  thoir  use  iii  nhowing  the  nature  of  the  rmgonta 
employed  in  tho  tuburutory  (p.  '^11),  these  numbers  show  Also  to 
what  extent  any  pair  of  ionlo  lubstancei  vlll  unite  when  mixed  (see 
pp.  247,  251),  and  they  llkowiin-  indicate  t)io  eheiiiical  uctivity  of 
the  ioiiogens  when  in  8olutioti  (see  noxt  section). 

Relation  of  lonisation  to  Cliemical  Activity,  —  These 
tables  may  be  used  for  reference.  The  import  of  the  following 
general  statements,  drawn  from  the  tables,  should  be  mtmorized: 

1.  8alt«,  with  the  exception  of  those  of  mcreury,  are  all  well 
ionised.  In  actions  involving  their  ions,  salts  arc  therefore  aJl  of 
the  same  order  of  activity,  for  ii  (Ulutc  solution  of  every  suit  contains 
a  large  niiiouiil.  of  tlie  ionic  cuniponeuts. 

2.  Adds  show  the  most  extreme  diflereuees  in  their  degrees  of 
ionization.  That  is  to  suy  tJieir  solutions  must  contain  very  differ- 
ent concentrations  of  hydrogen-ion.  Since  their  uctivity  as  acids 
depends  on  this  substance  (|).  217),  .ind  the  activity  of  a  substance 
ie  proportional  to  its  concentration  (p.  182),  it  follows  that  adds 
will  show  very  great  differences  In  apparent  chemical  aotifitf.     At 
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^^^    .,  therefore,  we  emerge  from  Bemi-ph>'sdcal  discussion  of 

'(•TnAjject  and  reach  sometbiiig  of  definite,  practical  applicatiOQ 
in  chemical  work. 

The  data  show  tliat  acids  may  be  dividtxl  roughly  into  (our 
eliMw  with  diHerent  (k-grct-s  of  acidic  activity; 

(a)  The  ionization  in  deeinormiil  solution  exceeds  70  ptT  cent; 
e.g.,  nitric  acid  and  hydrocldoric  aci<].  These  are  the  iwids  which 
are  chemically  most  active,  for  their  solutions  contain  u  relatively 
high  concentration  of  hydrogen-ion, 

ib)   The  iotiiiatJon  is  betwi-en  70  and  10  per  cent ;  e.g.,  sulphuric 
arid  and  phosphoric  acid.    These  ticids  are  uuticeably  less  active,1 
for  their  itulutious  contain  a  lower  concentration  of  hydrogen-ion. 

(c)  The  iouixatiou  is  between  10  and  1  per  cent  ;f.(;.,  acetic  acid. 
Thew  arc  the  weaker  acids,  for  their  solutions  contain  a  very  small 
concentratiuti  of  bydrogcn-ion. 

(d)  The  ionization  is  less  than  I  per  cent;  e.g.,  carbonic  and 
boric  adds.  These  are  the  feeble  acids,  for  their  solutions  contain 
only  a  minute  concentration  of  hydrogen-ion. 

3.  The  bMM  show  two  cUum: 

(a)  Ionization  high;  e.g.,  potassium  hydroxide.  These  bases 
am  active,  for  their  solutions  contain  a  high  concentration  of 
hydroxidMon. 

(b)  Ionization  less  than  2  per  cent;  e.g.,  anunonium  hydroxide. 
These  bases  are  weak  on  account  of  the  low  concentration  of 
hydroxide-ion. 

4.  Wat«r  is  less  ionized  than  any  other  substance  in  the  list.  It 
shows  therefore,  as  we  already  know,  usually  httlc  or  no  interaction 
with  acids,  bases,  or  salts,  and  hence  is  valuable  us  a  solvent  for 
these  substances.  Its  ions  are  H'*'  and  0H~,  uud  it  ix  thus  as  much 
(iH*  as  little)  an  acid  as  a  base. 


Exercwv.  —  1.  With  solutions  of  the  following  suVistoncca, 
state,  (a)  what  will  be  tiie  products  of  electrolysis,  (6)  whether  each 
is  priniarj-  or  secondarj',  and  (c)  how  they  uuiy  be  isolated  in  each 
case:  Potassium  chlorate,  pottt^ium  iodide,  potasuum  iodate,  sil- 
ver sulphate,  sodium  peroxide. 

2.  ^lakc  equations  (p.  232)  showing  the  ionic  and  molecular 
materiiilM  in  solutions  of  potoaetum  bronii<]e,  potasnuin  bromate, 
sodium  periodate,  aluminium  chloride,  zinc  sulphate.    Mark  the 
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charges  on  the  ions  and  give  the  name  of  each  ionic  substance  (p. 
236). 

3.  Prepare  lists  of  other  anions  and  cations  which  have  been 
encountered,  giving  the  formula  and  number  of  chaises  of  elec- 
tricity in  each  case. 

4.  If  the  conductivity  of  sodium  chloride  solution  at  tiie  maxi- 
mum is  110,  and  at  greater  concentrations  is  as  follows:  Jtf,  74.7; 
JV/10,  92.5;  iV/100,  103,  calculate  the  fraction  ionised  at  each 
concentration. 

5.  If  the  conductivity  of  acetic  acid  solution  at  the  mftYimnm  is 
352,  and  at  greater  concentrations  is  as  follows:  lOJV,  0.05;  N, 
1.32;  J\r/10,4.6;  i\^/IOO,  14.3,  calculate  the  fraction  ionized  at  each 
concentration. 

6.  If  1  C.C.  of  dilute  hydrochloric  acid  i&N)  is  added  to  30  c.c. 
of  an  aqueous  solution,  what  is  the  reacting  concentration  of  the 
acid? 

7.  Classify  all  the  acids  in  the  table  (p.  241)  according  to  the 
four  classes  (p.  243). 


CHAPTER  XIX 


k 


IONIC  SUBSTANCES  AND  THEIR  IKTBRACTIONS 

In  thiK  (.-Impter,  after  enumerating  the  various  ekoM  of  lonogezu, 
uid  the  various  kind*  of  Ionic  lubctaDces,  we  discuss  tho  Interat-tions 
of  the  lutter.  Wti  confiidtr  first  l.li<?  relations  of  the  ioiiic  and  tbu 
niuli-culur  KubHtiLtico!  (Id  cquilibriuni)  when  *  slnclo  ionogen  is 
prtst-iit,  and  thuii  take  up  the  ways  in  which  such  »n  l<»ilo  aqul- 
Ubrium  li  displaced.  Finally,  we  tUsvuag  some  of  the  ua«ful  ionic 
intvrttctiunK,  in  whit'h  tho  cquihlfria  are  displaced  »o  far  that 
practiciiUy  complete  int^nicliou  occuis:  ntuucly,  pr*«lpitftti«(ii 
iwutraUa»tion,  and  di^Uoemant. 


Th«  Clasites  of  tonogens.  —  Acids  are  clos^fied   according 

to  the  niiniljer  of  hyiiiogiii  iiiiits  in  ihfir  iiinlecules.  Thus  fiilnrie 
aoid  HCiO]  is  a  monobasic  acid,  siiljiimric  acid  H:>S(),  a  dibasic  add, 
and  phosphoric  acid  HiPO<  a  tiibaalo  add.  The.te  terms  rdate  to 
the  fact  that,  in  neutralization  (oee  p.  254)  the  aridn  int^^nict  with 
one,  two,  or  three  molecules  of  a  base  like  sodium  hydroxide. 

Bases  are  named  in  a  similar  way:  sodium  hydroxide  NaOU  is  a 
monoadd  base,  calcium  hydroxide  C'a(()H)]  is  a  dladdbase. 

Salts  like  KCl  and  NsgCOi  are  neutral  (see  acid  salta,  below)  or 
nonnal  salts,  and  NaKCOj  and  Ca(OCl)CI  (bleaching  powder)  are 
.ed  soiu. 

The  most  interesting  classes  of  mixed  salts  are  the  add  salt* 
p.  206)  and  the  basic  salU.  In  acid  salts,  like  NallSO,  (p.  14 1)  and 
Kllii'O^  {p.  1116),  all  the  hydrogen  of  the  acid  has  not  been  replared 
by  a  metal.  In  basic  sails,  like  Ca(OB)Cl,  part  of  the  basic 
hydroxyl  remains. 

There  are  also  many  double  salts,  like  fcnvuft-omnionium  sul- 
phate (NH4)3SO«,FeSO«,6HiiO,  and  alum  (see  index),  some  of  which 
in  common  use. 

AH  these  fiubstaneee  arc  ionogwns  (p.  236).    The  mixed  and 
'double  s&\lii  arc,  naturully,  diasociatixl  into  more  than  two  ionic 

bstanoes. 
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Ionic   Sub»tancc9    Furnished   by    Acids. — The   mode   of 

naming  ionic  substances  luis  tvlreaily  bt-on  givon  {p.  236).  ^ 

Aclda,  e.g.,  HCI,  HgSOt,  when  dissolved  in  water,  nil   fumishfl 
hydrogen-ion  H*  aiid  a  negative  ionir  substance  (anion),  e.g.,  Cl~, 
S0,=,    The  Boiiitions  ditler  from  those  of  suits  iu  the  constant  pree-, 
enoe  of  hydrogen-iou,  and  in  the  absence  of  any  other  positive  ion^ 
HydroKen'ioQ  H"^  is  a  eolorlcss  substance.     It  is  sour  in  taste, 
and  its  prcsince  ia  recognized  by  the  fact  tliat  it  turns  blue  litmus  i 
red  (see  indicators,  below).     These  properties  serve  bb  teats  for 
acids,  as  they  are  not  interfered  with  by  other  ionic  subatanceaj 
which  may  be  present.     Hydrogen-ion  is  univalent  and,  when 
combined  with  negative  ratlicals  of  salts,  gives  the  (molecular) 
acids.     The  activity  of  acids  dej>ends  upon  the  concentration  of 
the  hydrogen-ion  they  fui-nish  (p.  242),  and  therefore  upon  their 
solubility  and  the  degree  of  ionisation  of  the  dissolved  molecules. 
Some  furiush  so  little  hydrogen-ion  that  their  action  on  litmus 
cmi  hardly  be  detected. 


Ionic  Subaluncea  Furniithed  by  Bases.  —  BasoB,  e.g.,  KOH, 
NH^Oil,  Zn(0H)5,  all  furnish  hydroxide-ion  0H~  and  some  positive 
ionic  substance  (cation),  K*,  NII*^,  Zn"*^.  Their  solutions  differ 
from  thoeo  of  salts  in  the  constant  presence  of  hydroxide-ion  and 
in  the  abeence  of  any  other  anion.  The  more  active  bases,  that  is, 
those  which  are  soluble  and  highly  dissociated,  so  that  they  give  a 
high  concentration  of  hydroxide-ion,  are  called  alkallM.  Such  are 
potasraum  and  sodium  hydroxides.  They  are  often  named  caustic 
alkalies  and,  Individually,  caustic  potash  and  caustic  soda.  The 
solutions  are  called  lyes. 

Bydrosld«-toii  On~  is  a  colorless  substance.    Properties  which 
serve  as  t«aC8  for  bases  are  that  hythwdde-ion  possesses  a  soapy, 
taste  and  feeling  and  turns  red  litmus  blue  (see  Indicators,  below). 
It  is  univalent,  and  combines  with  positive  radicals  to  form 
(molecukr)  bases. 

Ionic    Subatancea    Furnished    by    Salts.  —  Satta    fumltb ' 
positive  and  negative  icmic  substancnt,  wliich  may  be  either  )umple 
or  oompoaito,  Ka.CI,  Na.NOi,  NH4.CI,  NH^-NOj.    Some  ioruc 
aubstancM  are  colored,  Cu**  .C^uprit^on)  blue,  Ci***  reddish-, 
violet,  Cff*^  pink,  MnOi"  (jwriuanganate-ioiO  puri^le,  Crii07=  (di- 1 
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Itc-ioti)  omngc,  but  most  of  tbem  are  colorless,  K^,  Na''', 
^Cl~,  I",  N0»~,  SO*=.  They  varj-  iu  taste,  soitu^  Iteing  sitlt, 
aatringeitt,  some  bitter.  The  ionio  materials  choriicteristio 
of  salts  do  not  aifect  Utniug,  and  individuaJ  («tts  arc  rotiuiriHl  for 
each.  Usually  we  add  donie  other  ionic  substanoc,  with  which  the 
ion  thought  to  be  present  combines  to  fonn  an  insoluble,  molecular 
Bubstanoe  of  known  color,  or  appearance,  and  examine  the  [)recipi- 
tnte  if  any  appears.  Thus,  wlien  the  preaeiice  of  cliloride-ion  Cl~ 
i8  suspected,  we  may  add  a  solution  containing  (diver-ion  Ar*, 
expecting  to  obtain  a  precipitate  of  silver  chloride  AgCl  (C'l'  + 
A^  —*  AgC14)-  In  dilute  solutions  of  salts,  the  ions  are  almost 
atwat/s  numerous  iu  comparison  with  tJie  molecules  (p.  242),  so 
that  salts  are  practically  all  active  and  tJieir  solutions  almost 
always  respond  readily  to  the  testa  for  the  Ions  they  contain. 
Tlie  art  of  detecting  the  various  ionic  substances  present  in  a 
solution  constitutes  a  large  part  of  the  branch  of  chemistry  called 
qualitative  analyei«. 

All  the  known  itinic  substances  are  found  in  solutions  of  salts. 
The  only  ions  which  arc  not  characteristic  of  salts,  although  some- 
times occurring  in  their  solutions  (sec  acid  and  basic  salts,  above), 
are  hydrogen-ion  £!•■,  and  hydroxide-ion  OH", 

It  will  assist  the  reader  if  the  following  facts  ant  kept  in  mind, 
The  elements  which  can  form  a  ample  jKisitivc  ion  are  the 
metallic  elements  (p.  04,  and  Hcc  Cbajjt<.  XXII  and  XXXIII). 
HoD-m«taUic  elements,  like  nitrogen,  may  be  present  in  a  positive 
ion,  as  in  NH*^,  but  never  cxclufiivcly.  In  otlter  words,  we  know 
tio  such  substances  as  nitrogen  sulphate,  or  carbon  nitrate.  Con- 
versely, the  metals  are  frequently  found  in  the  negative  ion,  but 
never  constitute  it  exclusively.  They  are  then  usually  associated 
with  oxygen,  as  in  Mn()|~,  and  CriOi=. 


The  Ionic  t^iitilihrtum  urji/t  a  Single  lonogen.  —  In  the 

ionisation  of  a  molecular  substance,  the  chemi(^ikl  change  is  incom- 
plete an<l  the  system  reaches  a  condition  of  equilibrium  (p.  238). 
The  action  is,  therefore,  reversible,  and  there  are  thus  two  routM  to 
the  same  equilibrium  point.  This  fact  must  not  be  forgotten,  for 
we  have  to  considcj  the  union  of  ionic  substances  even  more  often 
tlian  the  converse  change.  Now,  the  degreoB  of  ionization  of  various 
ionogens  tell  \u  the  location  of  the  equilibrium  point,  and  therefore 
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Ionic  SubatanciTM   Furni»tnfd   hy   Arids.  —  The   mode  of 

Darning  ionic  sutjfltaiioes  liaii  iilrwiiij'  t>wii  given  (p.  236). 

Adds,  e.g.,  HCI,  Hi.S(J,,  when  dissolved  in  wat«r,  all  fumbh 
hydrogen-ion  H*  and  a  motive  ionic  substance  (anion),  e.g.,  Cl~, 
S0«~.  The  solutions  differ  from  thorn  of  xalts  in  the  constant  pre^ 
cnce  of  bj'drogt^n-ion,  and  in  the  abnence  of  any  other  positive  ion. 

HrdroeflU'lon  li*  is  a  coIorle««  mhstance.  It  is  sour  in  taste, 
tiod  its  prc»i>iice  is  m-osnized  by  the  fact  that  it  turns  blue  litmus 
red  (sec  ludicators,  bdow).  These  properties  serve  as  ttaU  for 
acids,  as  they  are  not  interfered  with  by  other  ionic  subetsnces 
which  may  be  pn«eQt.  Hydrogen-ion  is  univalent  and,  when 
conibiucd  with  negative  radicals  of  salts,  gives  the  (molecular) 
acids.  Tlic  activity  of  acids  depends  upon  the  concentration  of 
the  hydrogen-ion  they  furnish  (p.  242),  and  therefore  upon  their 
solubility  imd  the  degree  of  lonizutioo  of  the  diflfulvcd  molecules. 
Some  furnish  so  little  hydrogen-iou  that  their  action  on  litmus 
can  hardly  be  detcctiH). 

tonic  Substances  Fitrniahed  by  Bases.  —  Buw,  e.g.,  KOH, 
NHiOH,  ^(OH)t,  all  furnish  hydroxide-ion  0H~  and  some  positive 
ionic  substance  (cation),  K*,  NH4+,  Zu"*^.  Their  solutions  differ 
from  those  of  salt:*  in  tiie  constant  prcscjid-  of  liydroxidoion  and 
in  the  aljseuce  of  any  other  luiion.  The  more  active  bit-ses,  that  is, 
those  which  arc  soluble  and  highly  dissociati^d,  so  that  they  gi\-e  a 
high  cunceiit  ration  of  hydruxide-ion,  arc  calleil  oUuUm.  Such  are 
potjtssium  luid  Notliuiii  hydroxides.  They  are  often  named  caustic 
ftlkalie.9  and,  hidividuallj-,  caustic  potiush  and  caustic  sodn.  The 
solutions  are  called  lyes. 

Hydroii(i»-ioa  0H~  is  8  colorleas  substftncc.    Propcrtice  irtiieh 
serve  ii.>^  t«st8  for  h»sea  are  that  hydroxide^on  powocoeo  a  Boapyi 
taste  and  feeling  antl  turns  red  litmus  blue  (see  Indicators,  below). 
It  is  univalent,  and  combines  with  positive  radicals  to  form 
(molecular)  bases. 

iotUc  Substancett  Furnished  by  Salts.  —  Salts  furnish 
positive  and  negative  ionic  substances,  which  may  i)e  either  simple 
or  composite,  Na.Cl,  Na.NO»,  NH,.C1,  NH4.NO..  Some  ionic 
substances  are  colored,  C'»"*^.(cupric-ion)  blue,  CV"*^  reddish- 
violet,  Co*^  pink,  MuO*~  (permanganate-ion)  purple,  CriOn  (di- 
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chroinittcMoii)  orimgc,  but  moirt  of  them  are  colorleis,  K*,  Na*, 
Zii"*^,  Cr,  I~,  XOr,  SO*^.  Tht-y  vary  in  taate,  sonic  being  salt, 
eoiiic  nstriiiguul,  suuic  bitter.  The  ionic:  matt-rinlii  cbaractcrisUc 
of  salts  do  not  affect  litmus,  ivnd  iudividuul  tttt»  are  required  for 
each.  Usually  we  add  sotnc  othor  ionic  Mubstun<.-c,  with  which  the 
ion  thought  to  be  prcrtent  conibini-H  to  form  tin  iniwlubic,  moloculiir 
8u1)«<tance  of  known  color,  or  nppcaroncc,  and  vxAmiae  the  prvcipi- 
tftte  if  any  appears.  Thus,  whou  the  prcsvnoe  of  chJorido-ion  CI~ 
in  suspected,  we  may  add  a  solution  containing  ^vcr-iou  Ag^, 
expecting  to  obtain  a  precipitate  of  silver  chloride  AgCl  (CP  + 
A^  -—  AgCU)-  In  dilute  solutions  of  ealts,  the  ions  are  almost 
tJtpay»  numerous  in  comparison  with  the  DK^eeuIes  (p.  242),  so 
that  salt«  are  practically  all  active  and  thi^  solutions  almost 
always  respond  readily  to  the  tests  for  the  ions  they  contain. 
The  art  of  detecting  the  various  ionic  substances  present  in  a 
solution  constitutes  a  large  part  of  the  branch  of  chemistry  called 
qualitative  analysiB. 

All  the  known  ibnic  substances  are  found  in  solutions  of  salts. 
The  only  ions  which  arc  not  characteristic  of  salts,  although  some- 
times occurring  in  their  solutions  (sec  acid  and  basic  salts,  above), 
arc  hyilrogen-ion  H+,  iind  hydroxide-ion  OH". 

It  will  uHsist  the  retuler  if  the  following  tucUi  arc  kept  in  mind. 
The  elements  which  can  form  a  umple  positive  ion  are  the 
m«ulllc  elvmeuts  {p.  O-l,  and  sec  Chaps.  XXII  and  XXXIII). 
Noa-m<uUic  elements,  like  nitrogen,  may  be  pn^scnt  in  u  positive 
ion,  as  in  NH<+,  but  never  exclusively.  In  other  words,  we  know 
no  such  substances  as  nitrogen  sulphate,  or  carl>on  nitrate.  Con- 
versely, the  metals  are  frequently  found  in  the  negative  ion,  but 
never  constitute  it  exclusively.  They  are  then  usually  associated 
with  oxygen,  as  in  MnO,^,  and  CrjOj^, 


The  loide  Equilibrium  with  a  Singte  lonogen,  —  In  the 

ionization  of  a  molecular  substance,  the  chemical  change  is  incom- 
plete and  the  sj'stem  reaches  a  condition  of  equilibrium  (p.  23S). 
The  action  is,  therefore,  reversible,  and  there  are  thus  two  routM  to 
the  same  equiUbrium  point,  lliis  fact  must  not  be  forgotten,  for 
we  have  to  consider  the  union  of  ionic  siitwtances  even  more  often 
than  the  converse  change.  Now,  the  degrvM  of  ionlsation  of  various 
ionogens  t«U  us  the  location  of  the  equilibrium  point,  and  therefore 
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tb»  «Kt«nt  of  Ui«  ohunicttl  dungs  involved  in  reacliiDg  this  point 
either  roufc,  that  is,  either  by  the  diHRorintion  of  molecules  or  by 
union  of  ion.s.  In  a  class  of  inte-ractions,  of  which  all  arc  iiiooni-  , 
plete,  and  only  those  are  interesting  and  useful  which  nppruach  ^t 
completeness,  we  reciuire  some  nie^ns  of  knowing  which  are  com-  ^ 
plete  and  why  they  are  so.  The  table  of  fractions  ionized  (p.  241) 
supplies  most  of  the  require<l  information. 

To  illustrate,  take  the  case  of  a  single  ionogen.  When  we  place 
hydrogen  chloride  in  decinormal  solution,  0.92  of  the  molecules  dis- 
sociate. Conversely,  when  we  start  with  the  hydrogen-ion  and 
chloride-ion,  say  by  mixing  two  aolutions,  each  of  which  contains 
one  of  them  {along  with  another  ion),  then  I  -  0,92,  or  only  0.08 
of  these  ionic  subetances  will  combine. 

This  exemplificfi  the  caec  of  an  active  acid.  The  following  equa- 
tions show  the  data  for  six  tyjiical  substances  in  A'^/IO  solution, 
niimely,  two  acids,  two  bases,  and  two  salt«: 

C8%)HC1   ^H++a-(92%),  (B8.7%)nCaiAFaH+     +CHA-{U%) 
{9%)K0Hi=!K+  +0H-(S1%),  (98.7%)NH,OHiStJH4++OH-(1.3%) 
(lfl%)NaCI=iNtt+  +  CHM%),  t«%)Cu80,s:iCii+++SOr(39?p) 

These  samples  are  chosen  to  illustrate,  in  each  pair,  the  extremes. 
Thus,  when  potassium-ion  and  hydroxidc-ion  are  brought  together 
little  union  takes  place,  while  with  ammonium-ion  and  hydroxide- 
ion  the  union  is  practically  complete'.  In  the  case  of  the  soluble 
softs,  however,  there  are  almost  (p.  242)  no  cases  of  considerable 
union  of  tlie  ions  in  dilute  solutioiLs.  The  vase  of  water,  on  tha 
other  hand,  is  one  of  the  most  extreme: 

(99.9i%)  HjO  pt  H+  -{-  OH-  (0.0,1%). 

Hydroxide-ion  and  hydrogen-ion  thus  unite  almost  completely. 

Similar  reasoning  enables  us  to  handle  the  more  complex,  but 
very  common  case  of  the  mixing  of  two  ionogens.  The  degri^es  of 
ionization  tell  us  the  eitact  condition  of  each  system  separately, 
before  mixing.  The  result  of  the  mixing  is  best  understood  by 
viewing  the  change  as  con.'tistitig  in  a  displacement  of  each  of  the 
equilibria  by  the  action  of  the  components  of  the  other.  We  con- 
uder,  therefore,  next,  the  displacement  of  ionic  equilibria. 

The  Oiaplacement  4^  Ionic  Efiuilibrut,  —  Equihbria  aro 
displaced  by  changes  which  favor  or  disfavor  one  of  the  opposed 
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actions  (p.  180).  There  iniiy  be  cither,  (1)  a  physinil  change  in  tho 
coiKlitioDM,  or  a  chemiail  interaction  wbich  (2)  uiltb  to,  or  (3) 
removes  one  or  the  interacting  substancei).  Each  of  thcac  may  ba 
illu8trat«ti  in  turn. 

1.  A»  »n  example  of  the  first,  we  have  t)>e  effwt  of  chaagim  th« 
amount  of  the  aotrant  (p.  215).  Adaling  mom  of  the  dulvout  n-duc-ca 
the  r'oiici'tilriitioii  of  the  ionic  miiteriais  and  disfavors  their  union, 
«o  that  it  indirectly  promotes  diflsooiation.  Th<?  larger  the  volume 
in  which  the  ions  are  ftcattered,  the  leas  often  will  they  meet,  and 
the  smaller  the  amount  of  combination.  On  the  other  baud, 
o\-aporatinK  off  a  part  of  the  solvent  favors  the  encounters  of  the 
iona  and  promotes  combination.  When  the  solvent  la  at  last 
entirely  (tone,  the  whole  material  is  molecular. 

In  cases  where  (he  ionic  and  molcpiilar  substances  are  all  color- 
less, these  changes  can  be  followed  only  by  a  study  of  the  freezing- 
points  or  other  aimiliir  propcrticji  of  the  solutions  (p.  216).  But 
when  the  substances  arc  of  different  colors,  the  changes  c-an  also  be 
seen.  Thus,  cupric  bromide  in  the  solid  form  is  a  jet  black,  shining, 
crystalline  aubstante.  When  trciited  with  a  small  amount  of 
water  it  forms  a  solution  wliich  is  of  a  deep  reddish-brown  tint, 
giving  no  hint  of  resemblance  to  a  solution  of  any  cupric  salt.  This 
doubtless  represents  the  color  of  the  inokiculcs.  When  more  water 
is  added,  the  deep  brown  gives  place  gradually  to  green,  and  finally 
to  blue.  The  latter  is  the  color  of  the  cupric-ion  (Cu^*^),  and  is 
familiar  in  all  M^utious  of  cupric  salts.  The  colork-s«  nature  of 
Mu[utiou.s  of  ixitHsnum  and  sodium  bromides  allows  that  bromide- 
ion  (Br~)  is  without  color.  Hence,  in  the  priTsent  inst&nce  it  is 
invl'(i[)le.  Wc  are  thus  watching  the  fom-ard  displacement  of  the 
equilibrium: 

CuBr,  (brm^-n)  tj  Cu+*  (blue)  +  2Br-. 

If  1  g.  of  the  solid  is  taken,  it  dissolves  in  about  its  own  weight  of 
water,  and  independent  measurement  shows  that  there  is  relatively 
tittle  ionization.  Hence  the  solution  is  deep  brown.  When  10  c.c 
of  water  has  bi'Cn  added,  70  per  cent  of  the  salt  is  ionized,  and  the 
solution  is  green.  With  40  c.c.  of  water,  only  10  per  cent  remains 
in  molecular  form,  and  the  blue  color  of  the  cuprioioo  entirely 
overljcftis  the  tint  of  the  moleculee.  If  wc  now  remove  the  water 
by  cvsporatioD,  all  these  changes  are  reversed.    Wbca  30  c.c.  of 
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the  watCT  has  been  driven  off,  the  solution  is  greoc.  Aa  tJie  evapo- 
ration of  the  romaining  lOcc.  profpvssefi,  the  brown  color  appears. 
WTicn  tho  water  i«  nil  gone,  the  black  rosiduc  rcmaiiiE.  Here  ws 
arc  oljscrving  tho  backward  diBplacement  of  the  cquilibriuni, 
CuBr,  t?  Cu*^  +  2Br". 

2.  Cupric  bromide  may  be  used  to  illustrat*^  also  the  chemical 
methods  of  displacing  equilibria.  Thii8,  wc  may  shon-  the  efloct  of 
ftddinf  monof  oneof  there&cUntisubstanew.  If,  at  the  green  stage, 
we  diseolve  solid  poUissium  bromide  in  t  lie  liquid  (KBir^K^+Br"), 
the  increased  conccntratitHi  of  bromide-ion  causes  more  vigorous 
interaction  of  the  ions,  and  tho  molceiiled,  with  their  brown  color, 
become  prominent  again.  Adding  cupric  chloride  increases  the 
concentration  of  cupric-ion  and  baa  tJie  same  effect.  In  either 
case,  renewed  dilution  with  water  reduces  the  roncentrations  of  all 
the  ions  once  more,  the  molecules  become  fewer,  and  the  brown' 
color  is  displaced  by  tlie  blue  for  the  second  time. 

3.  Finally,  the  dinplncement  of  the  same  eqtiilibritini  by  rwnor- 
Inc  one  of  tho  InCtractlnc  nibBCancea  may  be  illustrated.  Thus,  if 
the  chocolate-brown  solution,  En  which  molecular  cupric  bromide 
predominates,  issluiken  with  iiulverized  lead  nitrate  (and  filtered), 
two  changm  are  noticed.  A  pule  yellow  precipitate  of  lead  bromido 
appears  (Pb**  +  2Br~  — ♦  PhBrt  I ),  and  the  brown  color  fades  into 
green.  Here  the  tlisplaocment  is  the  opposite  of  the  last.  Instead 
of  reinforcmg  one  of  the  ions,  we  liave  reduced  the  concentration, 
and  in  fact  almost  entirely  removed  one  of  them,  namely  Br". 
This  has,  naturnlly,  stopped  the  interaction  of  the  Ca**  and  Br" 
which  reproiluccs  the  brown,  molecular  CuBrj,  Hence  the  disso- 
ciation of  the  latter  has  continued  to  exhaustion  of  the  whole 
molecular  material. 

The  rcjwler  will  find  that  the  behavior  of  th«e  Ionic  equilibria, 
and  the  way  in  which  we  diteuss  and  explain  it,  are  complete 
parallelii  of  the  behavior  and  exphination  in  the  case  of  ordinary 
equilibria  (pp.  185-187),  which  should  now  be  reexamined.  The 
illustrations  in  the  present  section,  and  particularly  the  third  ((/. 
p.  203),  should  be  oonsidere<l  until  everj'  feature  is  perfectly  clear. 
They  furnish  the  key  to  understanding  the  applications  which  fol- 
low. One  fact  must  not  escape  notice,  and  that  is  that  in  none 
of  the  three  ir\.'<tances  was  the  forward  action  (the  dissociation) 
in  itsdf  tdlected.    Tlie  molecules  of  cupric  bromide  have,  as  we 
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^K  Bhould  expect,  a  ccrtuin  tendency  to  decompose.  No  i-ncoimtcra 
^H  between  theoc  molecules  arc  required  for  na-re  decompoeition. 
^^  Hence  their  dccompoBition  ix  not  influcncixl  by  their  Dearnees  to, 
or  remoteness  from,  one  unothvr  (illustrutiun  I),  nor  by  the  prasenoe 
of  any  other  kinds  of  iiiolceuki<  or  ions  (iUuslmtions  2  and  3). 
The  effect,  whether  it  involved  an  apparent  increaw,  or  a  diminii- 
tion  of  the  dissociation ,  was  always  accomplished  by  altering  the 
eonetniratum  o/  Ike  ionic  stibstanc*:ii,  and  then^orc  the  atiwity  of  tiie 
rwtr»c  action. 


Application^!    Ooitblf  Decomptattion  in  Solution.  —  We 

are  now  prepared  to  coiixidcr  the  general  case  of  mixing  the  wlu- 
tions  of  (o'o  ionop'iis. 

When  iwlutioimof  two  ionized substauccsarc mixed,  the  first reflco- 
tioH  whirh  occurs  trO  us  is  that  each  of  these  has  been  diluted  by  the 
watex  in  which  the  other  was  dissolved,  so  that  the  firet  effect  will 
be  to  increase  the  degree  of  ionization  of  both  to  a  certain  extent. 

The  ne^it  consideration  is,  however,  that  we  have  produced  a 
mixture  of  four  ions,  which  must  have  at  least  some  tendency  to 
unite  croeewise.  1'hiu  pntaesiiim  chloride  and  sodium  nitrate  in 
dilute  Hohition  are  very  greatly  ionized  liefore  mixinK-  Tlie  re- 
versible actions,  represented  by  the  horizontal  pair  of  the  following 
equations,  have  taken  place  extensively.  But,  by  mixing  the 
liquids,  wp  have  broURht  into  presence  of  —.„,  ^_  „ .       ,    ,„_ 

,,         ,  •  r  ■-•  J  iVLil  ^  Iv  +'■-'1 

one  another  two  new  pairs  of  positive  and     „  „^  t=Nn.~4-M  + 


it 
KNO» 


IT 

NaCl 


negative  ions.  Hence,  two  other  reversi- 
ble actions,  the  vcrtityil  ones,  will  be  «ct 
up  and  will  proceed  until  a  fresli  equi- 
librium of  all  the  ions  with  all  four  kinds  of  molecules  lus  beea 
reached.  Thus  far  the  description  will  fit  any  case  of  mi»ng 
solutions  of  two  lonopins. 

Now,  in  this  pjxrliculiir  instance,  what  is  the  actual  extent  of  stich 
interaction  m  has  occurred?  To  answer  this  question  we  require  to 
know  the  proportion  of  molecules  to  ions  in  a  aolution  of  each  of  the 
four  .salts  (p.  242).  In  decinormal  solutions  it  is  KC\,  U  :  86; 
NaNOa,  17  ;  83;  KNO,,  17  :  83,  NaCI,  16  :  8-1,  so  that  the  salts 
are  all  e<|ually  wel!  ionized.  It  is  a  good  plan  to  add  these  pro- 
portions in  the  fonrtitlation.  Furthermore,  in  a  dilute  mixture, 
Buch  as  we  are  coiisiilering,  the  proportions  of  ions  ore  greater  than 


262 


COLLEGE   CHEMISTRY 


these  fyptne  wdicaUi. 
occurred. 

<>S3%) 
(I4%)KCl!=;K* 
(17%)NaN0,t;NO,- 

11 
KNO. 

«17%) 


Hvucr,  practicnlly  no  chcmicul  action 


+      Cr  (86%) 
+      Na*  (83%) 

it 
NaCl 

(<ie%) 

That  this  inference  is  correct  is  shown  by  independent  evidence. 
T'hua  when  the  solutions  of  salts  are  mixed,  no  thermal  eB«ct  is 
ohsorviihle.  This  fuct  has  be(.>n  known  since  184:2  as  Hess'  Uw 
of  Ui«TTDoneutr&UCr.  Again,  if  the  solutions  are  pluced  in  s  cell 
(Fig,  81,  p.  230).  »o  tliiit  the  one  forms  a  layer  below  the  other,  no 
change  in  conductivity  is  noticed  when  the  solutions  arc  stirred 
together.     Hence  no  cluinge  in  the  number  of  ions  has  occurred. 

We  conclude.  tlK-n,  thiit  wlicii  Iwit  Iiiglily  lunizcd  substances  are 
mixed,  and  tbe  poulble  produoU  ar*  aiso  highlj  lonlsad,  lolubU 
SUbaUtnc«e,  llicn  practioallr  no  ohemioal  action  oooun.  This  rule 
applies  to  dilutv  solutions  of  all  soluble  sidts  (p.  3'12)  and  to  mixing 
wUts  with  the  highly  ionised  acids  or  baws. 

Conversely,  when  two  ionized  sulwtanees  arc  mixed,  an  extanslv* 
cbemlckl  cbanga  doM  enaua  in  two  casM,  namely : 

1,  lATien  one  of  the  possible  products  is  an  insomble  substance 
and  precipitation  occurs,  for  this  removes  the  ions  used  to  form  the 
insoluble  btjtiy. 

2.  When  one  of  the  possible  products,  although  soluble,  is  little 
IqqU*))!,  as  in  Deutralliatlon,  for  this  likewise  removes  the  ions  re- 
quired to  form  molecules  of  the  product.  We  proceed,  thcrcfwc, 
to  discuss  these  two  important  classes  of  Actions. 

Pmcipitatinn.  — A  typical  case  of  precipitation  occurs  when 
we  mix  dilute  solutions  of  silver  nitrate  and  oodium  chloride. 

(>83%) 
(16%)  XaCl  £5  Na*    +  CI"  (84%,) 
(19%)  AgNO,  fc»  NO".  +  AT  (81%) 

JI  il 

NaNO,     AgCI  (dslvd) 

«17%)      iT- 

AgCI  (eoUd) 
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Here,  since  the  four  eub«tanc(»  are  all  mlta,  they  are  all  highly 
ioniied.  If  they  were  all  soluble,  then,  in  dilute  solutions,  perhaps 
5  per  cent  of  each  salt  would  be  in  molecules  and  the  rest  in  ionic 
fomi.  But  the  molfculex  of  sitver  chloride  are  etcessively  insoluble. 
In  all  casM  ol  precipitation,  we  look  up  tlie  solubfUtiea  of  tbe  poMlbls 
product!  {see  Table  of  Solubilities  inside  the  front  cover).  Uere 
we  find  that  one  liter  of  water  will  dissolve  only  O.O016  g.  silver 
chloride  (this  quantity  includes  both  ions  and  molecules).  So 
the  concentration  of  the  AgCl  (dalvd)  becomes  almost  aero  through 
precipitation.  So  far  u  It  la  In  solutioa,  however,  being  a  salt 
and  ver>'  dOute,  It  la  practlcallr  all  foolaed.  The  prccipitatioo 
displaces  the  equilibrium,  fur,  t)it>  Iii.'>^<ol'iation  having  thus  ceased, 
those  of  the  ions  Ag+  and  Ci"  which  combine  are  not  replaced  by 
others.  Hence  the  silver-ion  and  chloride-ion  almost  disappear. 
This  occurrence  affects  in  turn  the  equilibria  with  Na*  and  N(>i~, 
so  that  the  NaC'l  and  AgNOt  become  completely  ionized.  Hence 
the  concentrations  of  NaCl  and  AgNOi,  of  Ag*  and  Cl~,  and  of 
the  dissolved  AgC'l,  all  become  practically  aero  at  last.  The 
syatpm  finally  contains  only  a  precipitate  of  molecular,  solid  silver 
chloride  and  a  solution  of  the  tbrce  substances,  Na+  +  NO,"  *=t 
NaNO»,  in  equilibrium.  By  far  the  greater  part  of  tliis  material 
in  solution  is  the  ionic,  namely  the  Na^  and  the  NOi~. 

To  avoid  a  misconception,  note  that  the  answer  to  the  question, 
"Is  silver  chloride  a  higlily  ionized  Buljstimec? "  is  "Yes."  Since 
it  is  a  salt,  we  expect  this.  True,  very  little  of  it  dissolves,  so  that 
it  cannot  give  many  ions  to  a  solution.  But  little  or  much  ionized 
refers  to  the  proportion  ionized  of  the  material  which  has  dissolved. 
Witli  undissolved  material  ionization  has  nothing  to  do. 

It  should  be  noted  that,  when  the  solutions  are  mixed,  as  in  the 
foregoing  example,  strictly  speaking,  the  chief  itiUrattion  taking 
place  is  the  production  of  the  insoluble  body.  The  Eorgeet  part  of 
the  chemical  action  may  be  formulated  thus: 

AT  +  a-  -.  Aga. 

The  chief  change  that  has  as  yet  befallen  the  ions  of  sodium  nitrate 
is  that  they  have  been  transferred  from  two  separate  vessels  into 
one.  Potentially  the  salt  has  been  formed.  But  the  actual  imion 
oi  its  ions,  to  give  the  second  product  in  the  molecular  condition, 

N»+  +  NOr-'NftNOi. 
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comeo  about  only  when,  at  Rome  suhetequent  time,  if  at  all,  the 
water  is  evaporated  away. 

The  foregoing  formulation  and  explanation  apply  to  every  case 
of  mixing  ionogens  where  precipitation  occurs,  that  is,  where  tlie 
productA  are  inaolubte  acids,  liaaea,  or  aalt^i. 


NvutraUztitinn.  —  W«  may  now  consider  the  cage  of  mUnc 
aoluttoDs  ot  two  ionofftaa  where  one  is  aa  add  and  nitp  a  bass. 

(>87%)  (.(Ul%)  '^^'  ^'''"'^  P''"^  "^  ""  ^ 

(8%)HCIt(a-  +H-^     (92%) 
(9%)  NaOH  t5  Na+  +  OH"  (91%) 

it      jr 

NaCI      H^ 
«13%)    (100%) 


teractiona  of  adds  and  bases 
is  shown  in  the  formulation. 
The  ionization  of  the  hydro- 
chloric arid  reaches  0.92  in  a 
decinormal  solution,  and  goes 
farther  when  the  acid  is  di- 


luted with  the  water  of  another  solution.  That  of  the  sodium  hy- 
droxide Kiinil:irly  goes  beyond  0.91.  Thus  the  substances  in  tlie 
solutions  Ix'forc  mixing  arc  almost  entirely  ionic.  The  croaswise 
union,  H+  +  0H~t5  HjO,  however,  is  all  but  coniplett*,  for  water 
is  hardly  iouizc-d  at  all  (p.  243).  The  material  on  whose  inter- 
action with  the  Cl~  and  Na"*",  respectively,  tlie  aiaintcnauce  of  the 
molecules  HCl  and  NaOH  depends,  being  thus  removed,  the  diseo- 
ciation  of  the  acid  and  base  promptly  brings  itself  to  completion, 
and  the  left  sides  of  the  equations  vanish.  Praeticaliy  all  tlie 
hydrogen-ion  and  hydroxide-ion  become  water,  which  thenceforth 
ia  simply  a  part  of  the  solvent.  The  Cl~  and  Na+  however,  if 
the  solution  is  now  1/20  normal,  unite  to  the  extent  of  0.!3  only. 
If  it  is  more  dilute,  this  union  forms  a  still  smaller  factor  in  the 
whole  change.  Practically  it  is  negligible.  Now  all  that  has  Ijeen 
said  of  this  acid  and  base  will  apply  muiatis  mvlandU  whenever 
any  active,  highly  ionized  acid  and  base  come  together.  Thus 
we  may  write  one  alropla  equation  for  all  neutrallKatiooa  of  actlv* 
acids  and  bases: 

H+  +  OH"  —  H,0, 

without  omitting  anything  essential. 

The  ions  of  a  salt  are  alwaj's  left  over  from  the  main  action,  and 
may  be  brought  together,  in  turn,  by  evaporation:  Na++Cl~— * 
.NaCI,  or  the  liquid  may  be  used  as  a  eolutJcHi  of  the  pure  salt. 
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Cot^firmationa  of  this  Vi^tc  of  Nnutralixation.  —  That 
these  inferences  are  eorrcct  is  sbown  by  many  fa<?t«.  The  most 
conitpiruoiis  of  these  in  the  fact  thnt,  when  e^ivatenl  amounte  of 
actife  adds  Mid  banes  are  used,  tlie  niixture  is  without  action  either 
on  red  or  on  blw  litmtts.  It  in  nmitraX  to  indicatoni — hnnce  the 
lemi  iwutr&Ux&tlon  applied  to  the  operation  of  mixin);  an  acid  and  a 
hoae.  S]MiiiK';ill\',  the  absence  of  effect  upon  litntus  demonstrates 
the  alwence  of  hj'drogen-ion  H"''  and  of  hj-droxide-ion  0U~,  alike, 
in  the  product,  and  confirms  the  theory. 

Again,  a  consi<ierable  thermal  effect  accompanies  neutralizatioa. 
But,  in  the  cases  we  are  diBcusaing,  that  is  where  adiw  boaes  and 
acids  are  employed,  the  heat  liberated  by  use  of  equivalent  wet^t« 
(p.  124)  is  always  the  same,  namely  13,700  caJ.  That  it  is  always 
the  same  confirms  our  theory,  for  practically  the  whole  change  is 
alwajTs  the  formation  of  IS  g.  of  water  from  the  ions. 

Still  again,  when  we  place  the  acid  and  base  in  the  cell  (Fig.  81, 
p.  23!)),  so  that  the  one  forms  a  layer  beneath  the  other,  and  watch 
the  amperemeter  while  we  mix  the  solutions,  a  marked  dtataae  in 
the  current  putting  through  the  ct-U  is  noticed.  This  also  coniinns 
our  theory,  for  it  is  our  tjchef  that  one-half  of  the  ions,  namely  tJie 
n*  and  OH~,  disappear  Jis  sucii  tluring  the  action.  The  decrease 
is,  in  fact,  to  \i:^it  than  half  the  rea<ling  before  mixing,  Ix^'cauw  the 
two  8pee(liest  ions  have  been  removed. 

When  IwB  highly  ioni]!«<l  ftei<i9  or  bases  are  used,  the  only  differ- 
ence is  that  there  are  more  of  the  molecular  materials  present, 
before  the  solutions  are  mii(e<l.  But  the  removal  of  the  H*  and 
OH"  ions  permits  the  ninlecules  of  the  acid  and  fiase  to  dissociate, 
90  that  the  final  products  are  water  and  the  ions  of  a  salt,  as  before. 

The  foregi^ng  formulation  and  explanation  apply  to  every  cose  of 
DQtxillg  ionoRens,  where  a  ver>-  slightly  ionized  substance  is  one  of 
the  products,  that  is,  when  water,  or  a  feeble  acid,  or  a  feeble  base 
(pp.  242-243J  is  formed. 


Aadimetry  and  Alkalimetry.  —  When,  as  is  constantly  the 
case,  a  chemist  desires  to  ascertain  the  quantity  of  an  acid  or  base 
pre«ent  in  a  solution,  he  uses  for  the  purpose  the  interaction  just 
discussed.  If,  for  example,  the  problem  is  to  ascertain  the  weight 
of  hydrogen  chloride  in  each  liter  of  a  specimen  of  hydrochloric 
acid,  this  can  be  done  by  oeutraJising  a  measured  portion  of  this 
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acid  with  a  whitian  of  an  alkali  of  ktunim  concerUration.  The 
volume  of  the  latter  which  is  required  for  the  purpose  is  observed. 
If  the  alkali  is  sodium  bydroxJdv,  the  a(.-tion  taking  place  is 

HCl  +  NaOH  —  H,0  +  NaCl. 

The  volume  of  acid  ia  measured  out  into  a  beaker  by  means  of  a 
pipetl«  (Fig.  82)  of  fixed  capacity,  which  is  filled  by  suction  to  the 

mark  on  the  8t«m.  Sup- 
pose the  amount  to  be 
25  cc.  The  standard 
alkali  solution  is  placed 
in  a  burette  (Fig.  83), 
which  is  filled  down  to 
the  tip  of  the  noiusle.  A 
few  drops  of  litmus  solu- 
tion are  now  added  to 
the  aciti,and  the  alkali  la 
allowed  to  run  in  slowly. 
After  a  time,  the  hy- 
droxide-ion which  thia 
introduces  will  bepn  to 
produce  a  blue  color, 
close  to  where  the 
stream  enters  the  liquid. 
This  is  at  first  dissi- 
pated by  stirring,  and 
the  whole  remains  red. 
Finally,  however,  a 
point  is  reached  at 
which  the  entire  solu- 
tion asHumes  a  tint  in- 
termediate between 
blue  and  red.  With 
one    drop  loss   of  the 


\ 


y 
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Flu.  83. 


bB.se,  it  is  distinctly  red.  With  one  drop  more,  it  would  become 
distinctly  blue.  litmus  paper  of  either  shade  dipped  in  this  neu- 
tral solution  remains  unaffected. 

By  the  u.<^  of  a  standard  solution  of  an  acid  in  the  burette,  the 
quantity  of  a  base  may  be  determined  in  the  «amc  way. 
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Standard  Solutions.  —  Tlic  atandard  solutions  used  in  tbb 
work  arc  usually  normul,  and  contain  one  equivalent  weight  of  the 
alkali  or  a<'id  in  one  liter  of  tiic  solution.  For  more  delicate  work, 
tleeiimriiml  (N/10)  solutions  may  be  emploj-ed.  The  (wncentra- 
tinn  of  itucli  n  solution  K  culled  it*  tlt«r,  and  the  operation  of 
aimly^iing  nuothcr  .-solution  by  uicuns  of  it,  tItr»tdo».  The  value  of 
standard  itoIutioiiH  lit-H  in  the  fnct  that,  when  once  the  solution  baa 
been  prepared,  and  th«  iixiiet  conwnlration  adjusted  by  quantita- 
tive experiments,  its  use  dot;8  not  rwiuirc  any  weigliiii);,  and  the 
tnp-asurenients  of  volumes  can  be  carried  out  with  grait  rapidity. 

Thf  eklfluUtion  of  th»  rwult  w  iil*o  .-siniplw  One  liter  of  numial 
alkali  contuiiLS  17  n-  of  uvjiilablc  hydroxyl,  and  one  Iit*T  of  normal 
acid,  1  g.  of  available  hyilrogeu  (p.  124).  EquiJ  voluiuex  of 
nomuU  tiolutions  will  therefore  exactly  Dcutralise  one  another,  18  g. 
<rf  water  being  formed  by  interaction  of  a  liter  of  each.  If,  for 
the  neutral ixation  of  the  25  e.c.  of  hydrochloric  acid  used  above, 
i50  CO.  of  normal  alkali  arc  required,  the  acid  is  twice-normal  (2.V). 
When  1.5  c.c.  arp  requireti,  the  acid  ia  JJ  or  |.V.  If  the  actual 
weight  of  the  acid  in  the  latter  case  has  to  lie  calculated,  we  remem- 
ber that  there  are  3fi.-t6  g.  of  hydrogen  chloriiie  in  1  1.  of  a  normal 
solution,  and  therefore  3B.46  X  }  X  jUa  g-  =  0.rA(<>7  g.  in  25  c.c. 
of  a  solution  which  is  }-normaI. 

Methods  of  quantitative  analysis  in  which  standard  solutions  are 
employed  are  known  as  Tolunwtric  methods,  and  are  much  used  by 
anal>'Ets  and  investigators.  They  occupy  much  loss  time  thwi 
fravtm«tric  operations,  in  which  numerous  weighings  have  to  be 
made,  and  arc  often  just  as  accurate.  The  substances,  like  litmus, 
by  whose  cliangc  of  color  the  coinplctcnew  of  the  action  is  mudu 
known,  arc  called  indicators. 


Indicatora.  — ■  Indicators  arc  substances  which,  in  presence  of 
certain  other  substances,  aj»umo  a  very  deep  color,  or  change 
sharply  from  one  deep  color  to  another.  Thus,  phcnolphthalcln 
is  colorless  in  presi'ncc  of  aci<l8  {i.e.,  hydrogcn^iou),  anil  red  (when 
dilute,  puik)  in  presence  of  alkalici^  {i.e.,  hydroxide-ion).  litmus, 
again,  is  red  with  acids,  and  blue  with  alkaliea.  The  change  of 
color  depends  upon  a  chemicfti  interaction  in  each  case,  but  .M»ce 
indicators  aire  clioecn  for  Iheir  strong  coloration,  the  quantity  of 
the  acids  or  base  used  up  iji  changing  the  tint  of  the  trace  of  the 
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indicator  U  so  ismalf  as  to  be  ue^igible.  The  common  iudicaton 
jiTe: 

Pbwiolpht^lMh  CmHiiOi,  a  oulorlvsB  substance  antl  very  f»tibl« 
acid.    It  i»  not  perceptibly  <li8»odat«(i  intu  its  ions, 

i    C»Hu04(colorlca8)S»C»HijOr(red)+H+ 

ajid  in  neutml  or  uctd  solutions  is.  therefore,  without  visible  color. 
When  a  bMe  id  added  )i;rHdiinlIy  tu  uii  aeid  coiil-aiiiiitg  sume  of  this 
in<Ucator.  the  neid  is  first  neutralized.  Then,  and  not  till  then, 
the  »l^htcst  excess  of  hydruxidivion  unites  with  the  traoe  of 
hydrogen-ion  fruiu  the  phenol plithalein,  the  above  equilibrium  is 
dinpiaced  forwards,  and  a  visible  amount  of  the  red  negative  ioQ 
ii*  formed: 

C»H„04  (colorless)  *?  C»HuOr  (red)  +  H+     1 1=  n^ 
NaOH  J=F  Na*  +  0H~  J  ^  '*^' 

In  this  more  compact  formulation,  we  show  the  product  (HjO) 
from  the  union  of  the  two  ions  whieh  combine,  but  omit  the  prod- 
uct from  the  union  of  Na"*"  and  CjoHiiO«~.  because  here  (since  the 
product  ia  a  salt)  hardly  any  union  occurs. 

Litmus  is  an  extract  from  certain  lichens,  first  used  by  Boyle. 
It  contains  azolitmin.  One  of  its  colors  is  that  of  the  molecule, 
(md  the  other  that  of  the  ion. 

Methyl  oraago  (CHj)iNC^4.N  :  N.C»EI*SOjNa  is  a  complex  or- 
ganic compound  wiiich  gives,  in  acid  solution,  a  red,  and  in  alka- 
line solution  a  yellow  color, 

ConfO  red  is  tlie  sodium  salt  of  an  aeid  of  complex  structure  (see 
Dyes).  In  neutral  or  alkaline  solutions  it  is  r(Hi;  with  acids  it 
turns  blue.  Paper  dipped  in  Congo  red  diffejs  from  litmus  paper 
iu  that  it  ahows  gradations  in  color,  the  blue  being  much  more 
distinct  with  an  active  acid  than  with  a  relatively  weak  one  like 
acetic  acid  (p.  241).  Litmus  paper  is  equally  red  with  all  acids 
save  the  very  feeblest. 

Displacentent:  The  Electromotive  Seriea.  —  In  the  preced- 
ing se<?tiona  we  have  dealt  with  cjises  in  which  ionic  subataneea 
undarwent  combiufttloin  or  lonogvna  dlssoclatod.  Tiiis  is  one  of  fiv« 
Usds  of  ionic  chamical  ohuig*.     Of  the  remaining  four,  ionic  dlt- 
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pUcam«Dt  i»  the  one  '  that  we  have  most  freqiieatly  encountered. 
Thua,  certain  metals  dbplaee  hydrogen  from  dilute  acida  (p.  60) : 
Zn  +  H^0«  -» ZnSO*  +  Hi. 

Thc»e  interactions  do  not  occur  in  tho  absence  of  water  (p.  53),  and 
now  appear  in  a  new  Yi^i,  namely,  as  iunic  »ction»: 

Zn  +  2H+  +  804=  -♦  Zn«-  +  H«  +  S0«=. 

The  molecular  sulphuric  acid  and  zinc  sulphate,  which  are  small 
in  amount,  are  omitte<l  bc^caiine  they  do  not,  as  RU(:h,  take  part  in 
the  ohanfce.  On  lonkiiig  at  tho  equation,  we  perceive  that  the 
8ul|^te-ion  is  also  unaltered  by  the  action,  and  may  be  left  out 
likewise: 

Zn  +  2H+  -.  Zn++  +  H,. 

True,  hydrogen-ioTi  cannot  be  used  alone,  for  it  is  always  accom- 
panied by  sotne  nopitive  radical.  But  the  latter,  like  the  vessel  in 
which  the  P-xperinipnt  is  made,  is  part  of  the  neceaaary  apparatus, 
and  not  an  interacting  substance.  The  change  has  consisted  in  the 
ionization  of  the  zinc,  and  the  transfer  to  it  of  the  electric  char|^ 
of  the  hydrogen-ion.  In  terms  of  electrons  (p.  236),  each  atom 
of  zinc  has  lost  two  electrons  (Zn  —  2«  =  Zn"*^)  and  two  ions  of 
hydrogen  have  taken  up  the  electrons  (211+  +  2«  — •  Hj). 

These  statements  enable  us  to  tmderstand  why  active  acids,  with 
sine,  give  hydrogen  faster  than  do  inactive  acids  (p.  .54).  The 
former  provide  a  higher  concentration  (p.  243)  of  hydrogen-ion, 
that  is,  of  the  real  interacting  substance,  than  do  the  latter. 

A  similar  displacement  of  negative  ions  has  been  met  with  (pp. 
IW,  109).  Thus,  chlorine  displaces  bromine  from  solutions  coo- 
tuning  bromide-ion. 

Cl,-l-2Br--»2C|--l-Bii. 

Thr  F.U<rtromotits*  Sr-rten.  —  Disirfwement  OOCUIS  With  all 
positive  ioiLs.  TiiUH,  liiiic  will  dis^daoe  other  metallic  dements, 
suf^li  «M  iron,  lead,  copper,  and  silver,  from  the  ionic  conditions, 
when  it  is  pUiced  in  solutions  of  their  .Halts: 

Zn  -(-  Cu*-*  —  Zn++  +  Cu. 

*  The  duchkit*  ef  u  loD  and  Uberotfoa  of  ita  nuUcrial  in  •imuvimi 
(pp.  S5,  155,  227)  in  uiiutlirr.  Attcolitm  will  bn  eaUtd  U>  the  remuiiii)|[  two 
wbeo  ailtUbln  illuatntiomi  occur  (twe  pp.  270,  604). 
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Here  the  copper  appears  as  &  red  precipitate.  Ije&d,  in  tiim,  wilt 
displace  copp(?r  and  silver,  but  not  zinc  or  iron.  Copper  will  dis- 
place silver.  Thus  the  metals  can  be  set  down  in  an  order,  such 
that  each  metul  displacea  those  following  it  in  the  list  and  is 
displaced  by  those  preceding  it.  This  list  is  known  as  the  eleetro- 
motlT*  isriM  of  ibc  irictak,  because  in  electrolyas  of  normal  aolu- 

Eixin-noMonvr,  *'''*"*  "^  *^^""  ***'**>  the  electromotive  force  of  the 
current  required  to  deposit  each  metal  is  lees 
than  that  for  the  metal  preceding  in  the  list. 
For  present  purposes,  the  list  shows  the  metals 
in  tht  ontar  of  iHmtninMny  tandoncy  to  «Dt«r  ttw 
IodIc  Erom  ths  •lamentvy  condition. 

The  electromotive  scries  embodies  many  facta 
in  the  beltavior  of  the  mctaU,  and  should  be  kept 
in  mind  as  fumlihinc  »  key  to  all  Mtlons  in- 
Tolving  >oluUona  in  which  a  free  metal  i»  tued 
or  produced.  It  is,  in  fact,  identical  with  the 
ordcrr  of  activity  (p.  60). 

To  avoid  a  common  misconception,  it  must 
be  not«(i  that  the  electromotive  series  cannot  be 
used  1u  expluiu  the  ti^ndcncy  of  one  radical  to 
di«lodgcr  another  in  double  decompositions.  The 
place  of  an  element  in  the  E.M.  si^ries  defines 
ita  rela{ive  activity  when  free,  and  h^  to  do  only 
witli  nctjons  where  one  free  eleTnertt  displaces 
(p.  55)  another.  The  influences  which  detci^ 
mine  a  double  dccompodtjon  ((/.  pp.  143,  1S6) 
are  such  »»  the  ini<oIubility  of  »  compound. 
Thus,  potaA-iium  bromide  solution  will  slowly 
convert  a  precipitate  of  silver  chloride  into  one 
of  silver  bromide:  AgCI  +  KBr-»  AgBr  +  KCl. 
Thisoccuw  becftuae  silver  bromide  is  the  less  sohible  salt.  But/rce 
bruiiiine  never  displaces  chlorine  from  binary  combination  with  a 
metallic  element.  It  ia  free  chlorine  that  displaces  combined 
bromine. 

IS'on-Ionir  Modrti  of  Forming  lonogenji.  —  While  ionogcns 
may  alwajs  Ik^  made  by  the  union  of  the  proj>er  ions,  they  must 
nevertheless,  in  the  absence  of  the  solvent,  be  regar<led  as  chemical 
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AubirtAn(«fl  which  may  1>e  constructed,  and  verj'  freriuently  are 
made,  out  of  their  oon»tituentfi  without  refen^noe  to  the  ionic 
plane  of  cleAva^.  Thu»  we  have  incidentally  ohnerved  many 
ways  in  which  acidn,  baBeo,  and  salts  may  be  prepared,  that  do 
not  involve  a  union  of  the  constituent  ions  and  are  probably  not 
ionic. 

Oxj-gen  aetdi  can  almost  all  be  prepared  from  the  antardrido, 
that  is,  the  oxide  of  the  non-metal,  which  is  not  an  ionogen,  and 
water.  Phosphoric  acici,  sulphurous  acid  (p.  94),  hypochlorous 
acid  (CliO  +  HiO  — •  2HCI0},  and  many  other  acids  are  so 
forrae<l.  Hydrogen  fluoride,  chloride,  bromide,  and  iodide  are 
all  producible  by  union  of  the  constituent  elements.  Many  acids 
are  formed  from  others  when  the  latter  are  decomposed;  for 
example,  hydrochloric  acid  from  hypochlorous  scid  (p.  161). 

Bmm  are  formed  by  the  union  of  oxides  of  metals  with  watvr 
(P-  M). 

The  dr^'  ways  of  forming  aaltt  urc  very  numerous.  TbU8,  DtaDf 
arc  produced  by  direct  uniuti  of  the  elemonls,  as  in  the  caM  of  dllo 
rides  (p.  146),  sulphides  (p.  14),  and  othvr  simple  salts.  Many  nrc 
made  by  reduction  or  oxidation  from  other  salts,  us  potassium  chlo- 
ride from  potii.'*(<iuin  chlorate  (p.  27),  or  potassium  pcrchlorute 
iq.e.)  from  tlie  btter.  Often  a  reducing  or  nn  oxi(^ztiig  agent  is 
used,  as  in  making  mrlium  nitrite  (see  indejc)  from  the  nitmt«. 
Almost  all  oxygen  salts  can  lie  obtained  by  the  union  of  two  oxid(«, 
U  Oftlcium  carbonate  (nee  index)  from  calcium  oxide  and  carbon 
dioixide.  Ammonium  salts  are  formed  by  combination  of  am« 
monia,  which  is  not  an  ionogen,  with  acids  (p.  146). 

In  manufactuilnc  commercially  important  salts,  methods  like 
the  above,  as  well  as  those  involving  ionic  actions,  are  very  com- 
monly uaed.  In  each  case  the  cheapest  and  most  eaaly  accea- 
sible  maU-rialfl  ore  chosen,  and  the  least  expensive  operation  is 
selected. 

ExeiTtses. —  1.  Give,  for  each  of  the  following,  a  definition, 
i.e.,  concise  description,  in  terms  of  experimental  facts:  add  (pp.  6^ 
158,  210.  240),  haee  (pp.  04,  146,  346),  salt  (p.  246),  acid  salt, 
mixed  salt. 

3.  Give,  now,  a  definition  of  the  same  tliinj^  (see  1),  in  terms  of 
ions. 
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3.  Name  all  the  ionic  substA&oes  whose  formula;  are  given 
pp.  212,  237,  iinil  clarify  them  into  anions  and  cations. 

4.  Give  a  lUt  of  the  speciBc  physical  and  chemical  properties, 
including  those  that  caw  l)e  used  as  tests,  of:  iodide-ion,  sulphate- 
ion,  cupric-ion,  chloride-ion. 

5.  Give  a  list  (^  all  the  colorless  ionic  substances  you  caa  think 
of. 

6.  Using  the  Ijiblc  of  fractions  ioiiizod  (p.  2'1I),  prepare  lists  of 
the  pairs  of  iutiic  »ubelun<.-o«  which  show  the  greatest,  and  the  least 
tendency  to  eombiiie,  and  stale  in  each  case  the  proportion  com- 
biiuDg  in  doduormal  solution. 

7-  In  tlie  case  of  the  green  solution  (rf  cupric  bromide  (p.  24fl), 
explain  in  detail  (p.  181)  the  effect  of  the  addition  of  potassium 
bromide.    Formulate  the  action  (p.  251). 

8-  In  the  case  of  the  chocolate^rown,  concentrated  solution  of 
cupric  bromide  (p.  249),  explain  in  detail  what  would  happen  to 
the  system:  (n)  if  metallic  zinc  were  to  be  added  (p.  2.W);  (h)  if 
hydrogen  sulphide  gas  were  to  be  led  into  the  solution  (CuS  ia 
insoluble). 

9.  Formulate,  after  the  modeJs  on  pp.  2>M  and  252,  and  discuss 
fully,  the  interaction  of  ferric  chloride  anil  ammonium  thiocyanate 
(p.  182). 

10.  What  is  implied  by  the  statements,  that  peroxides  are  salts 
and  that  hydroKen  peroxide  is  feebly  acid  (p.  223)? 

11.  rorniulatc  after  the  model  on  p.  262,  and  discuss  fully,  the 
interaction  of:  (a)  sodium  peroxide  and  hydrochloric  acid  (p.  222); 
{b)  barium  peroxide  and  sulphuric  acid. 

12.  Invent  au  interaction  of  two  soluble  salts  in  which  both 
products  shall  lie  inaoluble  (svc  Table  of  SolubilitJes,  inside  of 
front  cover)  an<l  formulate  it.,  (p.  252). 

13.  For  the  neutralization  of  77  c.c.  of  a  certain  alkaline  solution, 
2!>  c.c.  of  normal  hydrochloric  arid  are  required.  What  is  the 
normal  concentration  of  the  alkali?  If  the  alkali  was  sodium 
hydroxide,  what  weight  of  the  substance  was  jiresent?  If  the 
alkali  was  barium  hydroxide,  what  weight  of  it  wa.t  present? 

14.  Formulate  (p.  259)  the  actions  of  iron  and  of  aluminium  on 
dilute  hydrochloric  acid. 

15.  Formulate  (p.  259)  the  displacements  of  iodine  by  chlorine 
and  by  bromine  (p.  200). 
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16.  Which  metals  (p.  260),  besides  platinum,  would  be  most 
likely  to  form  suitable  electrodes  for  an  electrolytic  cell? 

17.  To  which  classes  of  ionic  actions  do  those  of  iodine  on  hy- 
drogen sulphide  (p.  201),  and  of  calcium  on  cold  water  (p.  50), 
belong? 


CHAPTER  XX 

SULPHtTK  AND  H7DR0QEN  8ULFHIDK 

Occurrence.  —  Free  sulphur  i»  found  in  volcaiut'  regioos  in 
Sicily,  where  it  is  mixed  with  gypsum  and  othvr  inincrub  aud  occu- 
pies the  poras  of  pumice-stone.  Rocky  mat«riul8  ucc^mpnuying 
a.  mineral  in  this  way  are  called  the  matrix.  Thii  other  important 
deposit  ia  iii  Louisiana.  There  are  uiuny  miuerals  containing 
sulphur  but,  with  the  exception  of  pjTite,  these  are  ohielly  impor- 
tant on  aecount  of  their  other  constituents.  Suipliides  of  metals, 
such  as  pyrite  FeS-,  copper  pyrites  C'nFi-S),  guilcna  PI)S,  zinc- 
blende  ZnS,  and  sulphates,  like  Rypsum  ('a.S()4,2HsO,baritfl  BaSO,, 
and  celeetite  SrSOi,  are  fairly  plentiful.  Sulphur  is  a  constituent 
of  the  proteins,  which  are  important  components  of  the  itructure 
oS  plants  and  animals. 

Mant^facture.  —  In  SicQy,  sulphur  ts  obtained  by  the  simple 
process  of  melting  it  away  from  the  accompanyinfc  volcanic  rock 
at  a  low  teiuperatim".  The  lifjuid  sulphur  is  allowed  to  run  into 
wooden  molds,  in  which  it  solidifies  in  the  form  of  roll  sulphur,  or 
roll  brimstone.  To  produce  the  best  quality  it  is  subjected  to 
distillation  from  earthenware  retorts.  W"hen  the  vapor  is  led  into 
a  large  brick  chamber,  it  condenses  upon  the  walls  and  floor  at 
first  in  the  form  of  flowen  of  sulphur,  and  later,  when  the 
chamber  becomes  heated,  as  a  liquid. 

In  Louisiana,  the  sulphur  forms  a  deposit  over  half  a  mile  in 
diameter,  below  900  feet  of  clay,  quiclcsand,  and  rock.  It  is 
extracted  by  the  Frasch  method,  by  means  of  borings  which 
permit  four  pipee,  one  within  the  other,  to  reach  the  deposit. 
Water,  previously  h^at^d  imder  pressm-e  to  170",  is  pumped  down 
the  two  outside  pipes  (6  and  S  inches  in  diameter).  After  time 
has  been  allowed  for  the  melting  of  a  maas  of  the  sulphur  (m.-p. 
114.5*),  compressed  air  is  forced  down  the  innermost,  one-inch 
pipe.    The  melted  sulphur  has  twice  the  spcciGc  gravity  of  the 
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water  in  tbe  outer  |Hpee.  But  the  mixture  of  air  and  Rulphur  baa 
about  the  same  specific  granty,  and  no  flows  freely  up  the  three- 
inch  pipe  surrounding  the  air  pipe.  The  element  flows  into  a 
lai^,  wooden  enclosure,  in  which  it  solidifies,  and  is  practically 
pure  sulphur.  Each  well,  until  obstructed  by  collapse  of  the  rock 
and  quicksand  at  the  bottom,  produces  500  tons  a  day. 

The  greater  part  of  the  sulphur  of  commerce  formerly  came  from 
Sifily,  where,  in  1S98,  447,(K)0  tons  were  manufactured  against 
41,000  tons  elsewhere-  The  whole  supply  of  the  United  States 
(250,000  tons)  is  now  obtained  from  Louisiana.  The  world's 
consumption  is  over  800,000  tons. 

Physical  Properties,  —  The  chief  physical  peculiarity  of 
sulphur  is  that,  instead  of  appearing  in  only  three  familiar  physical 
stat<«,  like  water,  it  possesses  two  familiar  and  perfectly  distinct 
solid  fonnH  and  two  difTcrcDt  litiuid  states  of  aggregation. 

1.  Rhombic  Sulphur.  Native  sulphur  is  yellow,  has  &  8p.  gr. 
2.06  and  melts  at  112.8°.  It  is  almost  insoluble  in  water,  but 
disiiolvt-s  frot^ly  in  earboD  disulphidc  (41  parts  in  l(X)at  18^.  The 
cTy.-4tHl^  of  native  sulphur,  as  well  as  those  obtained  by  evaporating 
a  solution,  belong  to  the  rhombic  sj-stem  (Fig.  7,  p.  12).  Roll 
Hulphur  and  most  specimens  of  flowers  of  sulphur  are  tbe  8ame 
substance  although  the  crystals  in  their  growth  have  int«rfe-red 
with  one  another,  and  the  mat«.i  Lt  erntklUiM,  Rtmply,  and  not  won 
etrit&UizMl.  Tliis  variety  is  called,  from  itn  form,  rhomble  sul- 
pbur.  This  form  is  stable  below  96°.  Above  that  temperature  it 
changes  slowly  into  monoclinic  sulphur. 

2.  Monodinic  Sulphur.  When  a  large  mass  of 
melted  sulphur  solidities  slowly,  and  the  crust  is 
pierced  and  the  remaining  liquid  poured  out  l>e- 
fore  tiie  whole  has  become  solid,  the  interior  is  found 
to  be  lined  with  long,  transparent  needles  (Hg.  84). 
This  kind  of  sulphur  is  nearly  colorless,  has  a  sp.  gr. 
1.96,  melts  at  119.25°,  and  is  in  all  physical  re- 
spects a  different  individual  from  rhombic  sulphur. 
This  variety  is  namnd,  from  the  system  to  which  its  cr>'stal8 
belong,  monocUnlc  sulphur.  This  form  can  be  kept  above  96° 
(truisition  pointy  p.  86),  but  when  allowed  to  cool,  it  slowly  bo 
oomee  opaque,  changing  into  particles  uf  rhombic  sulphur. 


f\a  84. 
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A  mihstaiice  which  ban  two  tiolid  Rtati>R  of  agKregation  and,  ther^ 
fore,  two  crj-fitalliiie/iTrma,  in  said  to  be  dimorphous  (two-fonji«l). 

3.  Sx  and  .S,,  Vapor.  Wlien  melted  sulphur  is  heated,  it  under- 
goes a  gradual  change,  which  is  especially  noticeable  near  160°, 
The  formi^rly  pal«-7eUow,  mobile  liquid  (^)  suddenly  becomes 
dark-brown  in  color  and  so  viacous  (S„)  that  the  vessel  may  be 
inverted  without  loss  of  material;  S^r^Sj.,  The  liquid  is  a  mix- 
ture, containing  increasing  proportions  of  Sj,,  Beyond  260°  the 
viscidity  becomes  less,  and  at  444.7°  the  liquid  boils  and  passes  into 
Kulphur  fftpor. 

^Tjen  ordinary  sulphur  is  raised  to  the  boiling  point  and  then 
allowed  glowly  to  cool,  the  product  is  cr>-stallinc  and  soluble  in 
carbon  disulphide,  as  before.  The  change  from  Sj.  to  S^  is  revers- 
ible. But  when  sulphur  is  boiled  and  then  suddenly  chilled  by 
pouring  into  cold  water,  it  is  at  6rBt  scnii-fiuid.  After  several  daj-s 
this  plastic  sulphur,  as  it  is  called,  becomes  hard.  It  is  then  found 
to  contain  rhombic  sulphur  mixed  with  30  per  cent  of  another 
variety  of  free  sulphur,  namely  S,..  This  part  is  almost  insoluble 
in  any  solvent.  Being  witiiout  crystalline  structure,  it  is  called 
ftmorphoua  (Gk.,  wilktjui  fann)  stilphur.  Now  iimorphous  bodies 
(see  GUuis)  arc  always  »upi-rci>oIi-d  litiuiib,  that  is,  hquiils  still 
existing  as  such  at  a  teinpemturc  at  which  the  solid,  crystiillinu 
form  is  the  atublo  one.  Thi-s  is  simply  the  S„  in  a  supercooled 
Rtate.  When  cold,  it  reverts  very  slowly  to  tJie  soluble  vuriely, 
and  years  are  required  for  the  completion  of  the  reversion  at 
room  temperature. 


« 


Citemleal  Properties.  —  At  low  temperatures  and  under  re* 
dueed  pressure,  the  formula  of  sulphur  vapor  is  Sr,  Ah  the  tem- 
perature is  raised,  however,  the  vapor  expands  very  rapidly,  and 
at  800*  the  molecular  weight  is  64.2,  and  the  formula  therefore  K* 
(p.  117).  The  formula  of  dissolved  sulphur,  as  measured  by  the 
freezing-point  method  {p.  213),  is  S«. 

Sulphur  is  an  active  chemical  substance  (p.  208).  When  finely 
(^vidcd  rrwtats,  with  the  ejccejition  of  gold  and  platinmn  (pp.  60, 
260),  arc  rubbed  together  with  powdered  sulphur,  union  takes 
place  and  »ulpliides  are  pro<luccd.  Sulphur  when  heated  com- 
bines with  great  vigor  with  iron  (p.  13),  copper,  and  moat  of  the 
metals.    It  unites  alao  with  mmiy  of  the  non-jnOals.    Thus  with 
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oxjf/ai  it  produces  i^ulpliur  dioxide  (p.  31),  and  even  sulphur  tri- 
oxide  S0».  It  unites  iil-io  with  chlorine  directly.  When  sulphur 
is  treate<i  vfith  oxidizing  agents  in  prt*et\ce  of  waUr,  no  trace  of 
sulphur  dioxide  (or  Riilphuroiis  aoid)  is  formed;  the  only  prod- 
uct is  sulphuric  acid  (see  p.  289).* 

Tses  of  Sulphur.  ~\j&Tf,f.  qimntitifs  of  crude  sulphur  are 
employed  for  making  sulphur  dio.vitie,  which  is  used  in  the  manu- 
facture of  sulphuric  acid,  in  bleacliing  feathej-a,  straw,  and  wool, 
in  preserving  dried  fruits,  and  in  making  alkali  sulphites  for 
employment  in  the  bleaching  industry  and  in  paper-making.  The 
manufacture  of  carbon  disulphide  also  consumes  much  sulphur. 
Purified  sulphur  is  employed  in  the  manufacture  of  gunpowder, 
fm^works,  matches,  and,  by  combination  with  rubber,  of  vulcanite. 
Flowers  of  sulphur  is  iised  in  vineyards  to  destroy  fungi,  which  it 
do«!  by  virtue  of  the  traces  of  sulphuric  wad  it  yidds  by  oxidation. 


Hydbooen  Sulphide  HjS 

This  gas  is  found  dissolved  in  some  mineral  waters,  which  in  con- 
sequeoce  are  know^n  as  sulphur  waters.  It  is  produced  in  the  de- 
compoeitiou  of  animal  matter  containing  sulphur  (proteins),  when 
air  is  excluded.  Hcncu  the  odor  of  rotten  eggs  is  due  in  part  to  its 
preeuice. 

Preparation.  —  1.  Hydrogen  and  sulphur  do  not  unite  percep- 
tibly iu  tlic  cold.  At  a  10°  ainiost  complete  union  occurs,  but  about 
168  hours  are  reciuired  for  tlie  attainment  of  equihbriun). 

3.  Sulphides  of  metiils,  lieiiig  siil{»,  are  acted  upon  more  or  leas 
easily  by  dilute  aciiL*,  arnl  give  hydrogen  sulphide.  Ferrous  sul- 
phide, the  lejist  expensive  of  those  easily  affected,  is  generally 
used: 

FeS -H  2  Ha  ti  H^  T  +  FeCl.. 

For  hydrochloric  acid  we  may  substitute  an  ariueous  solution  of 
any  activ«,  non-oxidizing  acid  (see  p.  2))8,  lost  line).  A  Kipp's 
apparatus  (p.  64)  is  commonly  employed. 

*  The  piimgrnph  on  (,hc  rlicmicjil  mlatioM  of  the  eUannnt  (««  onil  of  ttiia 
duptcr)  should  be  read  at  this  (loiitt. 
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3.  Hydrogen  sulpliide  is  the  invariable  product  of  the  extreme 
reduction  of  any  sulphur  coropound.  Thus,  it  is  formed  by  the 
action  of  hydrogpn  iodide  ujjon  concentrated  sulphuric  ucid  (p. 
201).  Even  sulphur  itself  is  reduced  by  dry,  gaseous  bydrogcn 
iodide: 

Physical  Prop«rtiea.  —  Hydrogen  sulphide  ia  a  colorless  gas 
with  a  characteristic  odor.  When  liquefied,  it  boils  at  —62°,  and 
in  solid  form  melts  at  —8^".  The  solubiHty  in  water  at  10°  is  SGO 
volumes  in  lOO,  and  becomes  l^iis  sis  the  temperature  is  raised. 
The  giiH  Cfui  be  driven  out  cumplelely  by  boiling  the  solution  (^. 
p.  145).  The  gn»  i»  very  poisonous,  one  part  in  two  hundred  of 
air  being  fatal  to  mammalR. 

Chtimica!  Proprrttfn  of  UytUogvn  Sulphidf  Cos.  —  When 
heated,  the  gaii  dissoclnuB: 

At  310°  the  decomposition  is  slight  (ef.  p.  267),  but  becomee 
greater  at  higher  temperatures. 

The  gas  bums  in  air,  forming  steam  and  sulphur  dioxide.  The 
temperature  of  the  mantle  of  flame  surrounding  the  gas,  as  it  Issues 
from  a  jet,  lx>ing  far  Jibove  ^10°,  the  gas  in  (he  interior  is  dissociated 
brforc  it  meets  with  any  oxygen.  Hence  a 
cold  dish  held  across  tlic  flame  (Fig.  83}  re- 
ceives a  deposit  of  free  sulphur,  and  a  part  of 
the  hydrogen  also  i««ipcs  unburnt.  It  may 
lie  remarked  that  dissociation  of  this  kind 
probably  precedes  the  combustion  of  most 
gaseous  compounds  (see  Flame). 

The  metals,  down  to  and  including  silver 
in  the  electromotive  series,  when  exposed 
to  the  gas,  quickly  receive  a  coating  of  sul- 
phide. The  taraishing  of  silver  in  the  household  is  probably  due 
to  a  trace  of  hydrogen  sulphkle  in  the  illuuiiimtlng  gas  which 
escapes  from  slight  leaks  in  the  pi|M'f.  That  the  gas  should  thus 
behave  hke  free  sulphur  shuwst  it.-<  insubiUty. 
This  instability  is  shown  also  in  the  fact  that  it  rvduoM  sub- 
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Btanoes,  such  as  sulphur  dioxide,  which  are  not  afrect«d  by  free 
hydrogen: 

SOj  +  2H,S~+2HsO  +  3S. 

This  action  takes  place  in  the  cold,  and  much  more  rapidly  wbei^ 
the  gfiMv  ftro  moist  than  when  they  are  tlry  (p.  160).  Some 
native  sulphur  in  producrd  by  tliis  action,  but  usually  it  arista 
from  the  rMiuctiou  of  gypsuiii  CaS04,2HjO  lo  CaS,  and  libera- 
tion from  tho  i^ulphidc.  8ulpliur  i»  deposited  also  when  hydrogen 
sulphide  iindorKoesi  n  partial  eombu^tion  with  a  restricted  supply 
of  oxygen,  2H,.S  +  (),—.  21-I)<>  +  2S,  and  its  formation  in  natuK 
18  sometimes  to  be  accounted  for  in  this  way. 

A  Characteriatic  of  Reduction  and  Oxidation.  —  In  the 

fonnef  of  the  two  actions  Wl  mentioned,  it  will  be  ijcen  that,  while 
the  SO}  was  rodueed  to  S,  at  the  lutnu;  time  H^S  was  oxidized  (to  S). 
In  the  second  action,  HiS  was  oxidized  lo  S,  and  Ot  was  redutxd  to 
2H)0.  It  is  a  characteristic  of  such  actions  that  one  substance  is 
oxidized  antl  another  re<luced:  oxidation  and  reductJon  always 
occur  together,  in  the  same  reaction.  Hftre,  under  hydrogen 
sulphide,  we  spoJik  of  its  reduciiui  ePTeet  on  sulphur  dioxide.  Under 
sulphur  dioxide,  however,  we  shoulil  speak  of  the  oxidizing  e&ect 
of  the  substance  on  hydrogen  sulphide. 

Chemical  Properties  uf  the  At/iteoua  Solution  of  Hydrogen 
Sulphide.  —  While  the  gaa  itself  is  not  an  acid,  its  solution  in 
water  gives  a  ffleblo  acid  reaction  with  Utmue,  and  is  sometimes 
named  hrdroaulphuric  acid  HiS,  Aq.  The  conductivity  of  a  N/IO 
aqueous  solution  is  small,  and  only  0.0007  (0.07  per  cent)  of  tho 
flubetanco  is  ioui«-d: 

H^  t5  H+  +  HS-  (sa  H*  +  S=). 

Some  S=  ions  ar«  present.  But  bydrosulphido-ion  US',  although 
an  acid,  is  less  dissociated  than  is  water  itself,  and  the  amount  of 
sulphide-ion  is  therefore  verj-  small-  The  salts  of  hydrosulphide- 
ion,  Bucb  as  NsJlS  (sodium  acid  sulphide,  see  next  section),  give 
therefore  neutral  solutious.  This  behavior  is  the  rule  with  the 
add  salts  of  feeble  dibasic  acids  (p.  241). 
As  an  acid,  the  solution  of  hydrogen  sulphide  may  be  neutralized 
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by  baaee.     For  the  same  reason  it  enters  into  double  decompoeitio 
with  salts  (see  next  wctioii). 

By  the  action  of  os^fcn  from  the  air  upon  an  aqueous  solution  of 
hydrogen  sulphide,  the  tulpbor  I*  alon-ly  dlapUead  and  appears  in 
the  tana  of  a  fine  white  powder: 

Oi  +  2ItS-»2Si+2H,0. 

This  is  an  action  tdmilar  to  the  displacoment  of  tonic  bromine  by 
free  chlorine  (p.  259). 

The  solution  of  the  gU8  is  a  radudnK  tcent,  im  its  action  upon 
iodine  shows  (p.  202).  So,  nlso,  in  prL-3cnfc  of  an  acid,  it  romovca 
oxygen  from  dichromic  neid  (produoetl  by  the  action  of  ua  acid 
upou  potassium  dichromate): 

K,Cr,Ot  +  2HC1  f^  H,Cr,Oj  +  2KCI.  (I) 

H^r,0,  +  OHCl  -*4H30  +  2CrCU  {+  30).     (2) 

(.30)  +  3H,S-*3H,0  +  3S. (3) 

Adding:  K,Cr,0,  +  8HC1  +  3H,S  -•  2KC1  +  2CrCI,  +  7H^  +  3S. 

The  first  partial  equation  ((/.  p.  194)  represents  the  regular  inter- 
action of  two  ionoKCiLS,  but  tlic  second  interaction  does  not  take 
place  unless  an  oxit^sablc  body  (here  the  hydrogen  sulphide)  is 
present  to  take  possession  of  the  oxygen  which  it  b  capable  of 
delivering  (cf.  p.  225). 

The  foregoing  illustrates  a  fourth  Und  of  Ionic  chemical  chuva 
(p.  2511),  nauiely  that  in  which  a  oompound  ion  is  formod  or  decom- 
poHd.  Here  dichroniate-iou  CnO(=  gives  chromic-ion  Cr*~*^  ami 
water.    For  other  illustrations  see  pp.  56,  101,  206,  224,  225,  274. 

Suiphide*.  —  As  a  dibasic  acid  (p.  269),  hydrogen  sulphide 
^ves  both  acid  and  normal  (or  "  neutral ")  sulphides,  such  as 
NaHS  and  Na,S. 

The  acid  Bulphldes  are  obtained  by  passing  the  gaa  in  aeeest  into 
solutions  of  aoluble  bases: 

HsS  +  NaOH  -  H,0  +  NaHS, 

and  are  naitral  in  reaction.  Their  negative  ion,  HS7,  is  not  further 
dissociated  (see  preceding  seclion). 

By  adding  to  the  above-mentioned  solution  tvn  amount  of  sodium 
hydroxide  equal  to  that  used  before,  and  driving  off  the  water  by 
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evaporation,  tbc  second  uuit  of  hydrogen  iit  displaced,  and  nor- 
mal ("neutral")  sodium  sulphide  is  foruivd: 

NftOH  +  NaHS  t*  Na^S  +  H,Ot.  M 

This  action  is  wholly  reversed  wlicn  the  dry  sodium  su1phi(I«  is 
dissolved  in  water,  the  aalt  being  coins>lctely  hydroIyMd  (p.  197)  to 
the  acid  salt: 

Na^m=f2Na*+S=)       _._ 

H,(H=iOir  +HM  ^""  ■ 

The  HS~  (pves  a  lower  concentration  of  hydrogen-ion  than  the 
water,  and  hence  uses  up  in  ita  formation  the  ions  of  hydrogen 
produced  by  the  latter,  until  an  amount  of  hydroxide-ion  equiva- 
lent to  half  the  sodium  is  formed.  The  abbreviated  equation 
shows  this  more  clearly: 

^  -h  H+  -I-  OH"-.HS--l-OH-. 

The  solution  U  therefore  wtroiigly  «lk!iliiio  in  rcftotion.  In  ctntral, 
•  narnuU  salt  derived  from  an  actlTo  bas«  and  a  wo&k  acid  ii  hrdro- 
lyxod  to  Rome  ext«ot  by  water  anil  given  an  aUuIina  loJution. 

lu  the  abbreviated  roiiiiiilatinn  used  above,  the  union  of  Na^ 
and  0U~  to  form  NaOH  is  not  ithown,  because  it  is  slight  in  dilute 
solution  and  does  not  affect  the  result.  The  union  of  S=  and  H+ 
to  form  HS~  is  alone  shown,  liecause  it  is  extensive  and  significant. 
To  aave  apace,  this  plan  will  be  used  in  future,  where  the  same 
situation  exists. 

The  soluble  acid  sulphides  are  oildiMd  in  aqueous  solution  by 
atmospheric  oxygen: 

2NaSH  -I-  0,  -*  SNaOn  +  23. 

The  sulphur  is  not  precipitated,  but  combines  with  the  excess  of  the 
siilpbJde,  forming  pol^-sulphides  (see  below).  Some  sodium  thio- 
sulphate  is  produced  at  the  same  time. 

The  Action  of  Acuta  on  Inst^uble:  Sitlphid^g.  —  The  inter- 
aetiou  of  sulphidc^s  and  acids  i^  itself  so  important  a  matter  in 
elicniistry,  and  is  so  !>imilar  in  theory  to  many  other  kinds  of 
actions,  that  special  attention  should  be  given  to  it.  The  common 
method  of  prfjiiLrinK  hydrogeu  sulphide  from  ferrous  sulphide 
aSordti  a  suitable  illustration. 
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Since  ferrous  gulphide  ia  but  sli^tly  soluble  in  water,  the  sctiOD 
proceecis  by  a  rather  complex  scrie*  of  equilibria: 

FeS (soUd) ejFeS  (d8h-d) te  Fc«^  +  S=  1      „„.,..._„  q  f™x 
2HCI  t,2Cl-+2H-^P^^^'"''^^'=*^^(8«'^- 

It  will  be  seen  that  a  number  of  reverwblc  cIuingCM  are  involved, 
and  the  questioo  is,  why  does  the  reaction  proctHMl  fonrtud,  as  it 
docs?  To  aoswer  tliis  question,  a  oonsidcratiou  of  each  of  the 
equilibria,  separately,  is  required. 

1.  The  tlissolved  hydrogen  fulphidc  w  very  fwbly  ionized,  and 
maintains  »  similler  I'oueentnktion  of  sulpliid<siou  8=  than  docs 
ferrous  sulphide,  in  spite  of  the  coni[Mirative  insolubility  of  tlie 
latter.  Hence,  the  S=  furmi-d  from  the  FeS  is  continuously  re- 
moved by  union  witli  the  hydrop-ii-iuii  furiusbed  by  the  acid, 
S=  +  2H+  fe;  H»S,  and  all  the  other  c(|uilibna  are  constantly  dia- 
plared  forward  on  this  aceount.  Tlie  action  is  therefore,  in 
essence,  like  tieutraliKation  (p.  254). 

2.  The  union  of  B=  and  2H^  depends  on  the  magnitude  of  the 
product  of  their  conccHtrations  (p.  IM),  [8=1  X  [H+|  X  [H+1,  or 
1S=]  X  [H+)».  Hence,  although  [S=l  is  minute,  on  account  of  the 
insolubility  of  Fe.^,  [H^)  is  ]&rige  on  account  of  the  great  dissocia- 
tion of  the  HCI  and  the  fact  that  a  strong  solution  of  the  acid  can 
be  used.     Thus  the  product  may  be  large  enough  for  the  purpose. 

3.  When  a  still  more  insoluble  sulphide,  like  cupric  sulphide 
CuS  is  employed,  the  concentration  of  the  sulphide^on  |S=1  is  too 
email  to  play  its  part  and  the  action  makes  almost  no  progress.  In 
this  case,  a  concentration  of  H'*',  sufficient  to  raise  the  product  to 
the  necessarj'  value,  cannot  be  obtained  with  any  acid. 

4.  The  fact  that  hydrogen  sulphide  ia  fairly  soluble  (3.6  vols.  :  i 
vol.)  kinders  the  action.  It  preventB  that  free  escape  of  one  prod- 
uct which  is  so  constantly  a  factor  in  promoting  reversible  cheinical 
changes.  Thus,  if  cadmium  sulphide  CdS,  which  lies  between 
ferrous  and  cupric  sulphides,  in  solubility,  is  employed  along  with 
rather  dilute  hydrochloric  acid,  a  concentration  of  hydrogen  sul- 
phide sufficient  to  stop  the  action  accumulates  before  the  liquid  is 
saturated  with  the  gas,  and  the  latter  can  bepn  to  escape.  There 
are  then  two  niij's  of  making  this  action  continuous.  Either 
stronger  hydrochloric  acid,  giving  a  higher  concentration  of  H'*' 
may  be  used  to  force  the  formation  of  more  HjS  (by  union  of  2H''' 
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•ad  9^,  or  the  reverse  action,  due  to  accumulaUoa  of  H^  (dabrd), 
may  be  diminished  mecfauueaOy  b>-  leading  air  thiou^  the  mix- 
ture (p.  129)  and  w  removing  the  hydrogen  sulphide  as  fast  aa  it 
is  formed.  Either  plan  will  cause  compl^iu-  iolcRKttoQ  with  the 
cadmium  sulphide. 

CIoMx^cation  of  /n«o/u(ilc  Sulphide*.  —  In  analytical 
ebemistry,  ad^'antage  is  taken  of  the  different  solubilities  of  the 
sulphides,  for  the  purpooe  of  identifving  the  metallic  dements,  and 
of  aeparatJQg  mixtures  containing  several  ?uch  elements.  Three 
dassei  are  distinicuished. 

1.  The  sulphides  of  silver,  copper,  mercury,  and  some  other 
metals  are  exceedin^y  insoluble,  and,  therefore,  do  not  interact 
with  dilute  adds  as  does  ferrous  sulphide  (p.  271).  Tlieae  may 
therefore  be  made  by  leading  hydrogen  sulphide  into  solutions  of 
their  salts: 

CuSO.  +  H,S  fcK  CuS  i  +  H^0». 

Tix  acid  produced  has  scarcely  any  effect  upon  the  sulphide,  and 
iUmost  no  reverse  action  is  observed.  In  this  action  the  sulphide- 
ion  is  the  active  substance  and,  by  its  removal,  all  the  eqi^bria 
are  displaced  forwards. 

2.  The  sulphides  of  iron,  zbc,  and  certain  other  metals  are  insd- 
iible  in  water,  but  not  so  much  so  as  the  last  class.  Hence  they  are 
decomposed  by  dilute  acids,  and  the  reverse  of  the  above  action 
takes  place  almost  coniplctt-ly.  These  sulphides  must  therefore  bo 
made,  either  by  combination  of  the  elements,  or  by  adding  a  twluble 
sulphide  to  a  solution  of  a  salt: 

FeSO*  +  (NH,),S  t*  FcSl  +  (NHJjSO,. 

No  acid  18  produced  in  this  sort  of  interaction,  and  the  considerable 
inaolubility  of  the  sulphide  of  iron  or  xino  in  water  renders  the 
change  nearly  complete. 

3.  The  sulphides  of  barium,  calcium,  and  some  other  metals 
(q.v.),  althouf^  insoluble  in  water,  are  hydrolyied  by  it,  and  give 
soluble  products,  the  hydroxide  and  hydrosulphide: 

2CaS  +  2H,0  ts  Ca(OH),  +  Ca(SH),. 

They  may  be  prepared  by  direct  tmion  of  the  elemento,  and  from 
the  aulphat«a  by  reduction  with  carbon.  But  they  are  not  pre- 
cipitati^d  by  hydrogen  sulphide  or  aumoiiium  sulphide. 
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Polysiitphidea.  —  Whfn  eulphiir  is  fibaken  with  a  solution  of 
soluble  Rulphide  or  acid  sulphide,  such  a^  aodlum  sulphide,  it  dis- 
solves, and  evaporation  of  the  solution  leaves  residues,  varying  in 
composition  from  NaSt  to  Na^t.  These  appear  to  be  mixtures 
composed  mainly  of  Na-jS  and  NajS*. 

When  an  acid  is  poured  into  sodium  polysulphide  solution, 
nuDute  spherules  of  rhombic  sulphur  are  precipitated: 

NaiS*  +  2Ha  -  2NaCl  +  HjS  T  +  33  j. 

TTie  Chemicat  Relations  of  the  Element  Sulphur.  —  In 

combination  with  metals  and  hydrogen,  sulphur  ia  biviik-nt,  form- 
ing compounds  like  llS,  FeS,  CuS,  and  HgS,  In  combiiiution  with 
non-motals,  however,  the  valencf  is  frvqucutly  gn'ater,  the  miuci- 
mum  being  seen  in  sulphur  trioxidc,  when.'  the  sulphur  is  scxivalenl. 
Its  oxides  are  acid-forming,  and  it  is,  therefore,  a.  uon-mctal. 

ExarcUea.  —  1.  How  could  the  decomposition  of  hydrogen  sul- 
phide at  310°  be  rendered,  (a)  more  complete,  (6)  leas  eomplet*? 
Would  the  percentjige  decomposed  Ix-  affoctcd,  (a)  by  reducing  the 
pressure,  (6)  by  mixing  the  gas  with  an  iiidilTorfnt  gtis? 

2.  What  are  the  relative  volumes  of  the  gases  (p.  150)  in  the 
action  of,  (a)  liydrt^n  iodide  and  sulphur,  (6)  hydrogen  sulphide 
and  sulphur  dioxide? 

3.  To  what  classes  of  ionic  actions  (p.  259)  do  the  interactions  of 
hydrogen  sulphide  solution  with,  (a)  oxygen  {p.  270),  (ft)  sodium 
hydroxide  (p.  270),  (c)  iodine  (p.  202)  belong? 

4.  Show  which  nctions  on  the  pages  referred  to  on  p.  270  illus- 
trate the  fourth  kind  of  ionic  chemical  change,  and  how  they  <lo  so? 

6.  Why  is  normal  sodium  sulphide  only  half  hydrolyxcd  by 
water? 

6,  Formulate  completely,  after  the  model  on  p.  252,  the  actions 
of  (a)  hydrogen  sulphide  and  eupric  sulphate  solution;  (6)  am- 
monium sulphide  and  ferrouR  sulphate.  In  each  ease  explain 
which  equilibrium  determines  the  direction  of  the  actioti. 
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TnE  only  iinpurtnut  coudcii  of  sulphur  an  th«  dloxid*  S0|  and 
thf  trioiido  SOj.  Tlicy  are  the  anhydrides  {p.  94)  of  sulphurous 
add  H).SO(  and  of  sulphuric  acid  Ut^O*,  respectively. 

Tht-Pr€rparaltoaof  Sulphur  DtoxtdeSOa.— I.  V/hmMl]phaT 

bums  ill  lur  or  oxygen,  Biilphur  dioxide  is  produce<]  (p.  32).  2. 
The  larger  part  of  the  sulphur  dioxide  used  in  commerce  is  probably 
obtained  by  the  roaatlog  (c&lcining)  of  sulphur  ores.  Pyritc  FcSti 
for  example,  on  account  of  the  lar^e  amount  of  sulphur  which  it 
contains,  can  be  burnt  in  a  suitable  furnace: 

4FeSi  +  no,  —  2FeaO,  +  8S0,T. 

The  gas,  although  mixed  with  great  amount  of  nitrogen  which 
entered  as  part  of  the  air,  can  be  used  to  make  sulphuric  acid. 

It  should  be  noted,  in  pafiaiog,  that  heating  and  roaating  or  cal- 
cining are  distinct  processes  in  chemistry.  Bowtliw  or  c^clninc 
always  assumes  the  access  of  the  air  and  employment  of  its  oxygen; 
hMtinj,  in  the  absence  of  modifying  words,  assumes  the  exclusion 
or  the  chemical  in<lifferencc  of  the  air. 

3.  In  the  laboratory,  a  steady  strcaju  of  the  gas  is  obtained  by 
allowing  hydrochloric  acid  to  tirop  upon  solid  sodium  acid  sul- 
phite, or  concentrated  sulphuric  acid  to  trickle  into  a  40  per  cent 
ttolutioo  of  the  same  salt  (Fig.  24,  p.  54): 

HQ  +  NuHSO,  fcf  NaCI  +  H,SO,  i=(  H,0  +  SO,T • 

The  sulphurous  acid,  being  wry  uniftuble,  decomposes  spontane- 
ously into  water  and  sulpliur  dioxide,  and  the  latter  escapes  when 
sufficient  water  for  its  solution  is  not  present. 

4.  Hal|>hur  dioxide  can  also  be  ma<lc  by  the  reduction  of  con- 
centrated sulphuric  acitl  by  copper  at  a  high  temperature.     A  |«irt 
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of  the  acid  loses  oxygen  to  form  water  with  the  hydrogea  of; 
another  molecule: 


Partial  1: 
Partial  2: 


H.S04- 
(O)  +  HiS04  +  Cu  ■ 


.H.O  +  SO,(+0). 
H,0  +  CuSO*. 


2H^0«  +  Cu  —  2H,0  +  SO)  +  CuSCU- 


I 


Some  eaalv  oxidized  non-metals,  such  as  carbon  and  sulphur,  act! 
iu  the  same  way,  C  -f  2HaS0,  —  2H,0  +  2S0j  +  COj. 

Making  Etjuattfms  by  PoaitUv  and  yegative  Valences.  — 

E'luations  like  the  foregoing  can  be  constructed  also  by  assuming  i 
that  each  element  in  a  oompound  ta  either  positive  or  negative,  fl 
and  by  marking  the  valences  accordingly  (for  details,  see  p.  322).  ™ 
Thus,  in  sulphuric  acid,  we  have  2H  *'  (positive,  univalent)  and  40= 
(cAch  bivalent  and  negative).  Since  the  numbers  of  positive  and 
negative  valences  must  be  equal,  and  wc  have  2®*  and  8©,  it 
follows  tiiat  ihe  siJphur  curries  6®,  SttX, 

Now  when,  in  makii^;  the  experiment,  we  find  (he  products  SO, 
and  CuSO*,  we  may  infer  thut  the  hydrogen  fonned  water.  We 
infer,  also,  that  to  obtain  (wo  compounds  containing  sulphur,  atfl 
least  2H^O,  was  required.  We  then  note  that  the  S  in  SOi  is  ^ 
qundrivalent.  Hence  Sttt  became  Stt  and  2®  were  released. 
The  metallic  copper  u.'wd  was  free  and  without  valence,  and  lie- 
caiue  CuSO,,  in  wliich  it  is  Cu"*-'.  It  obtained  the  2®  from  the 
sulphur.     The  action  can  therefore  be  analysed  as  follows: 

[2H+  +  Sm  +  40=1  ^  IStt  +  20=1+  [2H+  +  0=1  +  (0=  -}-  2®  J 
First  H^<  80i  H|0  Baluiee 

The  second  H^O,  gives  [2H+  +  804=1-  The  Cu  takes  the  2® 
giving  Cu*-^,  and  this  with  the  80*=  gives  CuSO*.  The  2H+  takes 
the  0=  from  the  balance,  giving  HjO.  Thus,  the  whole  balance  is 
used  and  the  products  are  accounted  for.  The  equation  must 
therefore  be: 

2H,S04  +  Cu  -*  SO,  +  2H,0  +  CuSO*. 

It  will  be  noted  that  the  two  molecules  of  sulphuric  acid  play 
different  rfilea.     Only  one  of  tbem  is  used  in  oxidizmg. 

*  l^e  signs  ®  luid  Q  Btand  for  quantities  of  electricity  equal  to  thooe 
outied  by  one  equivalent  of  an  ioniu  auiwt«nce,  and  thercfon)  roquircd  for 
its  dtachnrge  nnd  iilvemtion. 
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Similarly,  with  sulphuric  at-id  and  carbon,  the  same  analyzed 
equation  appLivs.  The  curbon  gives  C(\.  Thus,  the  carbon  goee 
from  0>  to  Ctt.  To  obtain  the  4®,  SH^O*  is  required  (equation 
above).    Hence, 

2H,S04  +  C  -» CO,  +  2S0i  +  2H,0. 

When  hydrogen  sulphide  is  led  through  concentrateii  sulphuric 
^d,  the  latter  is  reduced  to  sulphur  dioxide,  and  the  former  is 
oxidized,  ^viog  free  sulphur  (p.  270) : 

2H+  +  S=  +  2®  -.  2H+  +  S"!. 

Since  this  action  requires  2®,  and  sulphuric  acid  in  gi^'ing  SO^ 
delivers  2®,  it  follows  ttuit  IHjSO*  will  decompose  iHiS: 

HjSO*  +  H^S  —  2HaO  +  S^  +  SO,. 

Finally,  when  HI  with  sulphuric  acid  (p.  201)  ©vcs  free  iodine 
(]"),  and  HjS  (2H+  +  S=),  evidently  Sttt  in  sulphuric  add  gives 
up  8®,  becoming  S=: 

i2H+  +  StU  +  40=]  _  2H+  +  S=  +  40=  +  8® 
and  IH+  +  n  +  ©  -.  H+  +  l". 

Evidently,  IHtSO*  |^\'ing  8®  wtll  interact  with  SHI,  chungbg 
81'  into  8P.    Hence, 

H,SO,  +  8in  -*  4H,0  +  H^  +  81". 


The  reader  should  practice  the  use  of  tliJs  method  by  making  the 
equations  for  the  airtious  of  zinc  (p.  268  giviikg 
h>'drogcii  sulphide)  au<)  of  hydrogen  bromide 
(p.  196)  upon  sulphunc  add. 


■1  r 


Phyxicat  and  Chemical  Properti»».  — 

Sulphur  dioxide  is  a  gas  pussc-jwiiig  a  pene* 
trating  and  ciiaraeteriptic  odor.  This  is  fre- 
quently spoken  of  as  the  "odor  of  sulphur," 
but  it  should  l)e  remeiiiixired  that  sulphur 
itself  has  scarcely  any  stnell  at  all.  The 
weight  of  the  C..M.V.  of  the  gas  (65.5-1  g.) 
shows  it  to  be  more  Uian  timce  a*  heavy  m  air. 
By  means  of  a  fret'/itig  mixture  of  ice  and  njtlt  (Fig.  8fi),  the  gas ' 
is  easily  condensed  in  a  U*tube  to  a  transjwreiit  mobile  fluid,  whicb 


Flie.U. 
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boils  at  ~8°.  At  20°,  the  Uquid  gires  a  vmpar  jmumukj  of 
3i  &uiMjtfpber«,  so  that  the  Eqibd  n  haixfled  aad  aoM  in  f^Mm 
■jrpboQs  or  fai  sealed  tia  cans.  The  aebMhtt  of  the 'gas  in  water 
is  5000  volumcM  in  100.    The  liquid  is  oompletejy  fnwd  froai  tba 

pa  by  boiling  \cf.  p.  t45). 

As  n^^anls  eb«a>ic«t  properties,  ^phur  dkakfe  19  stafalt  (p.  93). 

It  onttM  wtth  wu«r  to  fumi  iiul|ihur0U9  add  ^O^  wlu^  is 
unstaUi-,  tuiii  (■-xL'it.'<  only  in  iolutioo. 

Since  the  maxiinum  valence  of  sulphur  is  6,  solphur  dioxide,  in 
which  but  four  of  tlie  valcoccs  of  sulphur  are  used,  isxMnaatnntmd, 
It  is  therefore  still  able  to  combine  directly  with  suitable  eleownw, 
SI]**!)  A.'<  chlorine  and  tucygen.  ftlien  it  b  mixed  with  chlorine  in 
sunli^t,  s  liquid,  ndplmiTl  tblarUa  :^\C\x  is  produced. 

LJque5ed  sulphur  dioxide  b  employed  for  bleaching  straw,  wool, 
aod  ^Ik  (see  p.  289).  As  a  disinfectant  it  has  been  displaced  to  a 
large  extent  by  formaldehyde. 


n 


The  tiquefiabUity  oj  G<i»e8.  —  It  will  assist  us  in  recalliag ' 

which  gases  are  hard  to  liquefy  and  which  easy,  if  we  memoriie 
th<?  fact  that  Faraday  (from  1823  to  1845)  liquefied  most  of  Ihe-i 
familiar  gasctf  and  failed  only  with  tbre«,  namely  hjrdrofOD  (c.t.i 
-242*),  OQcan  (c.t.  -113*),  and  nit«»«i  fc.t.  -146").  These, 
with Bltik  oadd* NO  (ct.  -93.5°),  carbon motwdds  CO  (c.t.-40"), 
msthiiw  CII4  (c.t.  -99"),  and  the  sbt  inert  k»sm  {pp.  33»-337), 
arc  the  ones  which  have  low  critical  temperatures  (^,  p.  78)  and 
an?  difficult  to  liqustr.  ^ 

Of  the  gaffes  we  have  sttHlied,  the  ones  which  are  more  or  lesB^ 
•mIIt  llQueSsd  arc:  brdroKen  chlorlds  (c.t.  +5T),  bromld*.  and 
lodids.  chlorin*  (ct.  +141^J,  osone.  hydror«n  8ulphi«l«  (ct.  +  100"), 
sulphur  dloxld*  {c.t.  +1M°). 


The  Sottibilities  qf  Gase».  —  For  the  purpose  of  remember- ' 
ing  the  MjIutHlitic«  of  giiMv  in  water,  it  is  oonvenicDt  to  divide  tho ' 
gases  into  tbr««  dsasM.    The  follon-ing  arc  the  ones  we  have 
studied: 

1.  Slightly  soluiile:    Oxj-gcn   (4 
(2  :  100  at  0°). 

2.  Soluble:    Chlorine   (260  vol.  : 
phide  (-MO  :  100  at  0*). 


vol.  :  100  at  0^,   h)-drogwi 
100  at  10°),  hydrogen  su 
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3.  Very  mlvJbU:  Hyclroften  cWoride  (SOS  vol.  :  I  at  0*),  bro- 
mide (404  :  1)  and  iodide  (1570  :  I),  8ti1phiir  dioxide  (69  :  I  at  0*)- 

Preparation  of  Sulphur  Trioxide  SOj.  —  Although  the  for- 
mation of  Rulphiir  trioxide  is  awompaniwi  by  the  litieration  of  much 
heat,  sulphur  dioxide  and  oxygen,  whether  cold  or  warm,  imite 
very  slowly.    Osone,  however,  combines  with  the  former  readily. 

The  interaction  of  sulphur  (hoxide  and  oxygen  is  hastened  by 
finely  duided  platinum,  which  remains  itself  michanged  and  simply 
acts  as  a  catalytic  agent,  llie  eoat«et  process,  as  this  is  called, 
has  been  rendered  available  for  the  commercial  manufacture  of 
sulphur  trioxide  by  Knietsch  (1901).  At  400°,  the  temperature 
used,  98-99  per  cent  of  the  materials  unite. 

Oi  +  2S0,  —  2S0,  +  2x  22,600  cal. 

Below  400°,  the  union  is  loo  .ilow.  AIkivo  400°,  the  reverse  Action 
is  streugthened  (\'an't  Kofi's  Ihw,  p.  188),  and  the  union  \s  too 
incomplete.  The  vaporoii9  product  is  condensed  by  being  led 
into  97-99  per  cent  sulphuric  aeid,  and  the  coneentmtion  of  Ibe 
liquid  is  constantly  maintained  at  this  jioint  by  the  rcgiilatetl  in* 
flux  of  water.  The  sulphur  dioxide  is  obtainetl  by  calcining  ores 
(p.  27r>).  These  contain  impurities  which  must  be  removed  very 
thoroughly.  Dust  from  the  roasting  and  oxi<Je  of  arsenic,  which 
arc  present,  will  otherwise  "poison"  the  contact  agent  (platinum 
or  ferric  oxide)  and  soon  almost  stop  the  union. 

The  process  may  be  illustrated  by  placing  some  platinized 
asbestos*  in  a  tube  (Fig.  66,  p.  156),  which  is  gently  warmed,  and 
introducing  oxygen  and  sulphur  dioxide  through  the  limits  of  the 
Y'tube.    Dense  fumes  appear  at  the  exit  (see  next  section). 

Formerly  sulphur  trioxide  was  obtained  by  the  distillation  of 
impure  ferric  sulphate,  Fc5(S04)j  — •  FejO,  +  3S0t. 

Physical  and  Chf^miad  Properties.  ^Sulphur  trioxide  is  a 
volatile  liquid  (b,-p.  46°).  The  ery8tal,s,  obtained  by  cooling,  melt 
at  14.8°.  It  fumw  strongly  when  exposed  to  the  air,  in  conse- 
quence of  the  union  of  the  vapor  with  inoistUR-  and  the  production 
of  minute  drops  of  sulphuric  acid.    A  white  crystalline  variety, 

*  AiiIichu>«,  <lip)i(?(l  in  a  soIutioD  of  vlil(ini;ilatiuic  acid  and  Iwoted  in  tlie 
BuMCT)  flame:  H»Ptt:U  -  Pt  +  2HCt  T  +  2CU  T  • 
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closely  resembling  ftsbestm  m  Appearance,  is  the  more  familiar 
forni  of  tbi.-  suV-stiiiice,  wliieh  is  dimorphous  (p.  266). 

As  tu  cb«mlokl  propertiu,  the  vapor  of  sulphur  trioxide  diJsoclftUi 
into  sulphur  dioxide  and  oxygcii  (400",  2%;  70Cf,  40%). 

Sulphur  trioxidc  is  not  its^  an  acid,  but  it  is  the  anhrdrid* 
of  sulphuric  acid.  When  placed  in  water  it  unites  \'igoroualy, 
causing  a  hiasng  noiiie  due  to  the  steam  produced  by  the  heat  of 
the  union. 

Just  us  sulphur  trioxide  unitett  with  water  to  give  hydrogen 
aulphat«,  so  it  combines  \'ittorfiiisty  with  many  oxtdea  of  motala, 
producing  the  eorreapomiing  sulphates: 

H,0  +  SOi  1=5  H,SO*,  CaO  +  SOj  -» CaSO*. 

The  union  of  an  oxide  of  a  non-metal  with  the  oxide  of  a  metal,  in 
this  fashion,  is  s  genera]  method  of  obtaining  salts  (cf.  p.  261). 

Oxygm  Aeid»  of  Sulphur.  —  Sulphurous  and  sulphuric  acids 
have  been  mentioned  frequently  already.  Next  to  thejii  in  im- 
portance come  Uiiosulphuric  acid  and  persiilpliuric  acid.  The 
compositions  of  the  acids  show  their  relationships: 


HyposulphiirmM  ncicl,  HtSjOt- 

Sulphuroiijs  flcid,  HiSOi, 

Rillphiiru:  .iricl,  ll^SOt. 

ThiosuJphuiv  odA,  HSiO,. 

PnmuJphunc  Mdd,  UjSiOi. 


Sodium  hypoflulpbflf,  Na^SiOi. 

Sodium  suJphtff,  NuiSOi. 

SoiliuRi  lulphdlt,  NiiiRt)i, 

Sodium  IhiMulpboff,  Na«SiOi. 

Sotliuiu  pcnalpiiaie,  N'«tSfO«. 


Tliiosulphuric  acid  (fJk.  tf<Iiw,  sulphur)  is  so  named  because  it 
contains  one  unit  of  sulphur  in  plare  of  one  of  the  units  of  oxygen 
of  sulphuric  acid.  Note  that  when  the  names  of  the  acids  end  in 
(TUB  and  ic,  the  names  of  the  salts  end  in  He  and  <Ue,  respectively. 
Besides  the  above  we  have  also  the  polythionic  acids,  namely: 
dithionic  acid  IIjS,0«,  tritliionic  add  HgSjOe,  tetrathionic  acid 
HJS4O1,  and  pentathionic  acid  H)S»Oe. 

Sulphuric  Acid  H»S0< 

Although  salts  of  sulphuric  acid,  such  as  calcium  sulphate  CaSOi, 
are  exceedingly  plentiful  in  nature,  the  preparation  of  the  acid  by 
chemical  action  upon  the  .-^altB  is  not  practicable,  Tlie  nulphnt^-s, 
indeed,  interact  with  all  acid»,  but,  the  actions  are  reversible-  The 
completion  of  the  action  by  tbe  plan  used  in  making  hydrogen 
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chloride  (p.  1-12),  involving  the  nMnovftl  of  the  Hulptiuric  ftcid  by 
dititiUation,  would  Ih>  difficult  on  account  of  the  invoUUlity  of  thin 
acid.  It  boils  ut  330°;  and  suitable  iicids,  less  volatQc  stJIl,  wtuch 
might  bo  used  to  liberate  it,  do  not  exist.  We  arc  therefore  com- 
pelled to  build  up  sulphuric  iirid  from  it«  elemeute. 

Tlie  union  of  sulphur  dioxide  und  oxygen  by  the  contact  process, 
and  conibinutiou  of  the  trioxide  with  wntcr  (p.  279),  is  the  best 
method  for  making  a  highly  eoDtx>ntrated  acid.  For  obtaining 
ordinary  "oil  of  vitriol,"  however,  the  "chamber  procees"  is  still 
used  extensively. 

Citemintry  of  the  Chambirr  Procexs.  —  The  ga.<>eii,  the  inter- 
ai^tionn  of  which  result  in  the  formation  of  sulphuric  acid,  are: 
water  vapor,  aulphiir  dioxide,  nitrous  anhydride  Nt<^*  (see  index), 
and  ox>'gen.  These  are  obtained,  the  firat  by  injection  of  steam, 
the  second  usually  by  the  buniinR  of  pyrite,  the  third  from  nitric 
acid  HNOi,  and  the  fourth  by  the  ijitroduction  of  air.  The  gasee 
are  thoroughly  mixed  in  large  leaden  chambers,  and  the  sulphuric 
acid  forms  droplets  which  fall  to  the  fioors.  In  spite  of  elaborate 
investigations,  instigated  by  the  extensive  scale  upon  which  the 
manufacture  is  carried  on  and  the  immense  financial  interests 
involved,  some  uncertainty  stlU  exists  in  regard  to  the  precise 
nature  of  the  chemical  changt's  which  take  place.  According  to 
LungB,  supporting  the  view  first  suggested  by  Berzelius,  the  greater 
part  of  the  product  is  formed  by  two  Bucccssive  actions,  the  first 
of  which  yields  a  complex  compound  that  is  decomposed  by  excess 
of  water  in  the  second: 

.0-H 
H.O  +  2SO,-I-NA  +  0,-.2SO»(  (1) 

^O-  NO 

The  group  —  NO,  nitrosyl,  is  found  m  many  compounds.  Here,  if 
it  were  di^lftoed  by  hydrogen,  sulphuric  acid  would  reeult.  Heaoe 
this  compound  m  called  citroarltulphiirio  add: 


.0-H 


OH 


2S0, '  +  H,0  i=*  2S0,  (        +  NA.  (2) 

^0-NO  ^OH 

*  Thin  BtK  M  inuUtbli^  bn-nking  up  in  put  into  nitric  oxide  NO  uid  nitro> 
([Wi  uttttMdi:  NO,:  N/'),  ci  N'(>  +  NO,.  In  IbU  proncm,  howevw,  ih*  mix- 
turx  brhnvM  •■  if  it  were  ftll  N,Oi,  and  ao  only  nicroua  aohydridn  it  BUMd  in 
ihii  oonnectjoa. 
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The  eqiiatJons  (I)  and  (2)  are  not  partial  «iiiations  for  one  inter- 
action, but  represent  distinct  actions  whicli  can  bo  carrit'd  out  ^ 
aeparat^.  In  a  properly  operating  plant,  indeed,  the  mtro^'l-^| 
sulphuric  add  is  not  observed.  But  when  the  supply  of  wator  la^^ 
deficient,  white  "chamber  crystals,"  consisting  of  this  substance, 
collect  on  the  walls. 

The  explanation  of  the  success  of  this  seemingly  rouiidttbout , 
method  of  getting  sulphuric  add  is  as  follows:  The  direct  union  of ' 
sulphur  dioxide  and  wat^r  to  form  sulphurous  acid  is  rapid,  but  the 
action  of  free  oxygen  ujion  the  latter,  211^0,  +  O-  — >  SHjHO*,  is 
exceedingly  slow.     Reaching  sulphuric  acid  by  the  use  of  thew  two  I 
changes,  although  they  constitute  a  direct  route  to  the  result,  is  not 
fennble  in  practice.     On  the  other  hand,  both  of  the  above  actioni*, 
(1)  and  (2),  happen  to  bo  much  more  spct-dy,  and  so,  by  their  use, 
more  rapid  production  of  the  dudrod  substance  is  secured  at  the 
expense  of  a  sUght  complexity. 

The  progress  of  the  first  action  is  marked  by  the  disappearanco 
of  the  brown  nitrous  anhydride  and,  on  the  introduction  of  water, 
the  completion  of  the  second  stage  results  in  the  reproduction  of 
the  same  substance.  The  nitrous  anhydride  takes  part  a  large 
number  of  timwii  in  these  changes,  and  so  faiililates  the  conversion 
of  a  great  amount  of  sulphur  dioxide,  oxygen,  nnd  water  into  sul- 
phuric aeid,  without  nuieh  diminution  of  its  quantity.  Some  is 
lost,  however . 

The  loss  of  nitrous  anhydrifle  is  mad<'  good  by  the  introduction 
of  nitric  aeid  vapor  into  the  chamber.  This  acid  is  made  from  con- 
centrated sulphuric  acid  and  commercial  sodium  nitrate  NaNOa: 

;NaNO,  +  H^O.  J=t  HNO,T  +  NaHSO,. 

On  account  of  the  volatility  of  the  nitric  add,  a  moderate  heat  is 
sufficient  to  remove  it  from  admixture  with  the  other  substances, 
and  its  vapor  Is  swept  along  with  the  other  gases  into  the  apparatus. 
The  initial  action  which  the  nitric  acid  undergoes: 

HaO  +  2S0,  +  2HN(),  —  2H:S0«  +  NA, 

may  be  written,  to  show  the  aahydride  of  nitric  add: 

H,0  +  2S0,  +  H,0,NA-»2H,S0<  +  NjO|. 

The  two  molecules  of  water,  one  actually,  the  other  potentially, 
present,  with  the  two  molecules  of  sulphur  dioxide,  can  furnish  two 
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moleraike  of  Hulphtirous  acid  (HjSOi).  The  NiO»  In  passing  to  tlie 
coDdition  NiOj  gives  up  the  two  units  of  oxygen  required  to  con- 
vert thia  sulphurous  acid  into  sulphuric  acid. 

DfitaiU  of  the  Chamber  Proceaa.  —  The  sulphur  dioxide  ia 
produced  in  a  row  of  furnaces  A  (Fig.  87).  When  good  pyrite  ia 
u«>d.  tlic  ore  burns  unassisted  (p.  275),  while  impure  p>Tite  and 
zini'-blciido  ZnS  have  to  Ix-  heated  artilicinlly  to  maintain  the  eora- 
buHtion.     The  ga»es  from  the  various  furnaces  pass  into  one  long 


Fro.  vr. 

dust-flue,  in  which  they  are  mingled  with  the  proper  proportion  of 
air,  and  deposit  oxides  of  iron  and  of  arsenic,  and  other  materials 
which  they  transport  mechanically.  From  this  flue  they  enter  the 
Glover  tower  G,  in  which  they  acquire  the"  oxides  of  nitrogen. 
Having  secured  all  the  nccessarj'  constituents,  excepting  water,  the 
gaees  next  enter  the  first  of  the  lead  rhambcr;,  Itu'ge  structures 
lined  completely  with  sheet  lead.  These  measure  as  much  as 
100  X  40  X  40  feet,  and  have  a  total  capacity  of  150,000  to  200.000 
cubic  feet.  v\s  the  gases  drift  through  these  chambers  thej'  are 
thoroughly  iiiLxed,  and  an  amount  of  water  considerably  in  excess 
of  that  actually  required  is  iniectod  in  the  form  of  »te«m  at  various 
points.    The  acid,  along  with  thv  cxvcso  of  water,  condenses  and 
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collects  upon  th«  floor  of  the  chamber,  while  the  unused 
chiefly  nitroiiB  anhydride  and  nitrogpn,  the  latter  derived  from  the' 
air  oritonully  admitted,  find  an  exit  into  the  (Jay-Liiasac  tower  L, 

This  is  a  tower  about  fifty  feet  in  height,  filled  with  tiles,  over 
which  concentrated  aulphurir  acid  continually  trickles.    The  objectj 
of  this  tower,  to  catch  the  nitrous  anhydride  and  enable  it  to 
reemployed  in  the  process,  is  accomplished  by  a  reversal  of  actiool 
(2)  above.     The  acid  which  accumulates  in  the  vessel  at  the  bottont] 
of  this  tower  contains  the  nitrosylsulphuric  add,  and  by  means ' 
compressed  air  is  forced  through  s  pipe  up  to  a  vessel  at  the  top  of  I 
the  Glover  tower  G,     \\Tipn  this  "nitrous  vitriol"  is  mixed  withj 
dilute  sulphuric  acid  from  a  neighboring  vessel,  by  allon-ing  both  M 
flow  down  into  the  tower,  the  nitrous  anhydride  is  once  more  set' 
free  by  the  interaction  of  the  wat*T  in  the  dilute  acid  (action  (2)), 
The  Glover  tower  is  filled  with  broken  flint  or  tiles,  and  the  heated 
gases  from  the  furnace  acquire  in  it  their  supply  of  nitrous  anhy-j 
dride.    Their  high  tcnipersiture  causes  a  considerable  concent 
tion  of  the  diluted  sulphuric  urid  a«  it  trickliw  do«Tiward.     The 
acid,  after  travcraing  this  t«wer,  is  sufGoicntly  strong  to  be  used 
once  more  for  the  absorption  of  nitrouit  anliydridc. 

To  replace  the  part  of  the  nitrous  anhydride  which  is  inevitahTj 
lost,  fresh  uitric  acid  is  furnished  by  small  open  vessels  A',  contain-^ 
ing  sodium  nitriitc  and  sulphuric  acid,  placed  in  the  tlues  of  the 
pyrite-buinirs,     About  4  kg.  of  the  nitrate  are  consumed  for  everyj 
lOO  kg.  of  sulphur. 

The  acid  wliich  accuniulntct  upon  the  floors  contains  but  60  toj 
70  per  cent  of  sidpburic  acid,  and  has  a  speeififl  gravity  of  1.5-1.62.] 
The  excess  of  water  is  needed  to  facilitate  the  second  action.  It  igl 
required  also  in  oi-der  that  the  acid  upon  the  floor  may  not  aftej-j 
wards  absorb  and  retain  the  nitrous  anhydride,  for  thie  substance 
coinbin<«  w  ith  an  acid  containing  more  than  70  per  cent  of  hydro-  j 
gen  sulphate. 

Tliis  nude  sulphuric  acid  is  applicable  directly  in  some  chemical  j 
manufactures,  such  as  the  preparation  of  superphosphates  {q.v.). 
{Concentration  is  ejected  by  evaporation  in  pans  lined  with  lead, 
which  are  frequently  placed  over  the  pyrite-bumcra  in  order  to 
economize  fuel.  The  evaporation  in  lead  is  carried  on  until  a 
specific  gravity  1.7,  corresponding  to  77  pi-r  cent  concentration,  is 
reached.    Up  to  thie  point  the  sulphate  of  lead  formed  by  the  ( 
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action  of  the  sulphuric  acid  pnxlucca  a  crust  which  protects  the 
metal  from  further  action.  When  a  stronger  acid  is  required, 
the  water  is  driven  out  by  heating  the  sulphuric  acid  in  vessels  of 
glass  or  plutiiiuin,  or  even  of  cast  iron.  Iron  acts  upon  dilute 
sulphuric  acid,  displacing  the  hydrogen-ion,  but  not  upon  concen- 
tratod  sulphuric  acid,  which  is  not  ioniaod.  Commercial  sulphuric 
acid,  oU  at  vltrioL,  has  a  specific  gra'vity  1.83-1.84,  and  contains 
about  93.5  per  cent  of  hydrogeD  sulphate. 

Physical  Propcrttem.  —  Pure  hydroRcn  sulphate  has  a  sp.  gr. 
1.85  at  15°.  When  cooled,  it  crysUiiiws  (m.-p.  10.5").  .\t  ISO*- 
180°  the  and  begins  to  fimie,  giving  ofT  9ul|>hur  trioxitle.  It 
boilfl  at  3.30°,  but  loees  more  sulphur  trioxide  than  wat^r  and  &i&lly 
yicldi>  an  arid  of  constant  (p.  ]4>5)  boiling-point  (3.38°)  and  con- 
stant composition  (98.33  per  cent).  The  he-at  of  solution  (p.  125) 
of  hydrogen  sulphate  is  very  great  (39,170  cal.).  The  solution  is 
thus  much  more  stable  (t.e.,  il  contains  much  less  energy)  than  the 
pure  autwtanfe,  and  hence  the  latter  abaorbH  water  greedily. 

Commercial  sulphuric  acid  is  Impure.  It  contains,  for  example, 
le-sd  sulphate,  which  appears  as  a  precipitate  when  the  acid  is 
riiluted,  as  well  as  arsenic  trioxide  and  oxides  of  nitrogen  in  com- 
bination. 


Chemical  Properties  and  Ug«»  of  Hydrogen  Stttphate. — 

1.  The  compoutui  is  not  cxccixlingly  >tabl«,  for  lUssocialiori  into 
wat«r  and  isulphur  trioxide  begin.-*  far  1m>Iow  the  builing-point. 
The  vapor  of  the  acid  lx>iling  at  338°  contains  30  per  cent  of 
HiO  +  S0|,  which  recombine  when  the  vapor  is  ponden8e<i.  The 
dissociation  is  practically  complete  at  416°,  as  is  shown  by  the 
dciLsity  of  the  vapor.  When  raiseil  suddenly  to  a  ret!  he^t  it  is 
broken  up  complet,eIy  into  water,  sulphur  dioxide,  and  oxj-gen. 

2.  When  sulphur  trioxide  is  dissolved  in  hydrogen  sulphate,  dl- 
(ulphurlc  add  H-S,0,,  a  solid  compound,  is  obtained.  Hydrogen 
suljihate  containing  80  per  cent  of  disulphuric  acid  is  known  as 
"oleum,"  and  is  employed  in  chemical  industries.  The  salts  of 
disulphuric  acid  may  be  made  by  strongly  heating  the  acid  sul- 
phates, for  example: 

2NaHS0i  ^  NaAO,  +  EUOT- 
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lu  view  of  this  mcK^e  of  propiirattoii  by  thp  aid  of  heat,  they  are 
frcqucQlly  knuwn  lis  p7roiuIpb«t«>  (Gk.  'I'p,  fin-)-  Whvn  they  are 
dmsolved  in  wutcr,  the  acid  Kulphutcs  are  reproduC'Cd. 

3.  With  salts  which  it  docs  not  oxidize  («cc  below),  hydrogeo  sul- 
phate TMcts  b7  doubla  decompoaltlon  and  sets  free  the  correepoDd- 
ing  acid.  Where  the  ir-w  acid  is  volatile,  as  in  the  case  of  hydrogen 
chloride  (p.  142),  we  are  furnished  with  one  of  the  cheapest  means 
of  preparing  acids,  Siiiec  hydrogen  sulphate  is  dlbulc  (p.  245), 
it  forms  both  acid  and  normal  salts,  sueh  as  XallSO,  and  NajSOi. 
The  acid  sulpliatjjs  are  cAUcd  also  hiiiulp hates,  because  thej-  con- 
lain  twice  as  larger  a  proportion  of  S0»  to  Na,  and  rctjuire  twice  aa 
much  sulphuric  acid  for  their  preparation  as  do  the  neutral  sul- 
phates. 

4.  Sulphuric  acid  combines  vigorously  with  water  to  form  at 
least  one  rather  stable  brdnto,  H,SOt,HjO  (m.-p.  8°).  On  this 
account,  sulphuric  acid  ii^  able  to  take  the  elements  of  water  from 
compounds  containing  hyibyjgt-n  an<l  oxygen,  especially  those  coti- 
taining  these  elements  in  the  proiKprtioii  2fl  :  0.  Thus  paper, 
which  is  largely  odlulose  (C«HioO»)i,  wo<xl  which  contains  much 
cellulose,  and  sugar  CiaHsjOn  are  charred  by  it,  and  carbon  ia 
set  free: 

CaHaOu  -» 12C  +  llHrf). 

For  the  same  reason,  sulphuric  acid  'us  used  in  drj-ing  gases  with 
which  it  does  not  interact. 

5.  On  account  of  the  large  quantity  of  oxygen  which  hydrogen 
sulphate  contains,  and  its  instability  when  heated,  it  Itehaves  as 
an  <>ililltlTig  agant.  Tliis  properly  has  already'  been  illustrated  in 
connection  with  the  nclion  of  the  acid  upon  carbon,  sulphur,  and 
copper  {p.  27G),  hytlrogcn  iodide  (p.  201),  and  hydrogen  bromide 
(p.  196).  The  .riulphiu-ic  acid  is  iu  consequence  reduced  to  sulphur 
choxide,  and  even  to  free  sulphur  or  hydrogen  sulphide.  The 
metals,  from  the  most  active  down  to  silver  (p.  260),  are  capable 
of  reducing  it,  the  sulphates"  being  formed.  The  more  active 
metals,  like  Kinc,  reduce  it  to  hydrogen  sulphide  (p.  277),  the  less 

•  Note  that  the  sulphates,  uid  not  the  oxides  of  the  metala  are  produced. 

Oxiiicii  o!  inMuls  could  not  he.  formed  in  Pcmminl.rBtMl  inilphuric  iwid,  hcnuua 
thi-y  interact  with  the  Inttw  much  more  vigorously  than  do  the  mctAifi,  to 
IPW  thi-  Bulphitti-e  (c/.  p.  lie). 
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active,  like  copper,  ^ve  sulphur  dioxide  (p.  276).  Hydrogen  is 
Dot  liberated,  because  no  hydrogen-ion  is  present  in  concentrated 
sulphuric  acid.  Gold  and  platinum  alone  do  not  intcra<.'t  with  it. 
Free  hydrogen  itself  is  oxidiiwd  to  water  when  piv>Hcd  into  hydrogen 
Bulphatc  at  160°;  SO,(OH),  +  H,  —  SO,  +  2HjO. 

Concentrated  Hulphuric  acid  ia  uwd  in  almost  all  chemical  in- 
dustries:  for  example,  to  give  sodium  nulpbate,  as  a  stage  in  the 
Le  Blanc  process  for  the  manufacture  of  soda;   in  Hie  reRniug  (^ 
petroleum;  in  the  manufacture  of  fortilizere,  such  as  supiTphos-n 
phatc;  in  the  preparation  of  nitroglycerine  and  guu-cotton,  where 
it  ABsiKts  the  action  by  removing  water;  and  in  the  productioD  of^ 
coal-tar  dyes,  % 

Chemical  Properitea  of  Aqtieotu  Uydrogvn  Sulphate.  — 

The  solution  of  sulpluiric  acid  HsSOj.Aq  is  a  mixture,  whose  com- 
ponents are:  undi-isociated  molecule.'*  HjHC^,  hydrogcn-iou  H*, 
hydrosulphate-ion  HSO*",  and  sulphiite-ion  S0*=.  The  chemical 
properties  shown  by  the  aoluliou  are  those  of  one  or  other  of  these 
components,  according  to  circumstances. 

Except  in  conoentrate<l  solutions  (normal  or  stronger)  the  oxidiii- 
ing  effects  of  the  undissociatnd,  molecular  substance  are  not 
encountered. 

The  presf'nce  of  hydrogen-ion  is  shown  by  all  its  usual  properties 
(p.  246). 

8ulpbat«-loD  SOt'=,  which  is  found  also  in  solutions  of  all  neutral 
and  acid  sulpbstca,  unites  with  all  positive  Ions.  The  product, 
when  insoluble,  appears  as  a  precipitate.  The  introduction  of 
barium  ions,  for  example,  t»y  adding  a  solution  of  barium  nitrat« 
or  chloride,  is  employed  as  a  t«t: 

B»«--(-S0«=iz!BiiS04.  j 

Since  there  arc  other  barium  salts  which  are  insoluble  in  water  (ses 
Table  of  Solubilities),  but  no  common  ones  which  are  not  dccon*-, 
posed  by  acids,  dilute  nitric  acid  is  first  added  to  the  solution' 
supposed  to  contain  the  sulphatf^-ion.     The  other  ions,  even  if 
present,  then  give  no  precipitate  with  barium-ion. 

^hite  sulphuric  acid  is  uiad  for  many  purposes.  Thus,  it 
forms  the  liquid  in  the  lead  storage  battery,  and  is  employed  for 
cleaning  sheet  iron  before  timuog  and  galvanizing. 


Sutphatem-  —  The  acid  Bulphatfls,  known  also  ae  blaulpbatM, 
(see  p.  286),  may  be  produoed  either  by  adding  to  ddute  sulphuric 
acid  half  an  equivalent  o(  a  base,  and  evaporating:  NaOIl  + 
H)SO(  t*  HtO  +  NaBSOi,  or  by  actions  in  which  another  acid  is 
displaced,  as  in  making  hydrogen  chloride  (p.  141).  The*  sait* 
are  add  in  n^aciion,  as  well  as  in  name  (rf.  p.  269),  becaiLw  HAO«~, 
although  a  weak,  is  not  a  feeble  add.  When  heated,  they  yield 
pyroaulphatcs  {p.  286). 

The  normal  (or  neutral)  sulpbatM  are  obtained  by  complete 
neutralization  and  evaporation,  or  by  the  second  of  the  above 
methods  when  a  sufficient  amount  of  the  salt  and  a  higher  tempera- 
ture arc  used: 

Naa  +  NaHSO.  ^  Na,SO.  +  Hat- 

They  may  also  be  made  by  prccijMtation,  by  oxidation  of  a  sulphide 
at  a  high  ttiiipfrature,  PbS  +  20i  -»  PIjSO,,  or  by  additiwi  of 
sulphur  trioxide  to  the  oxide  of  a  mvUd  (p.  280). 

Normal  Hulphatfvs  of  ihp  heavy  mctnls  liecompose  at  a  red  heat, 
some  giving  off  aiilphtir  trioxido  (p.  279),  others  sulphur  dioxide 
and  oxygen.  The  Biilphatea  of  the  more  active  metals  and  of  k 
howc\'cr,  are  not  affected  by  heating. 


Qthbb  Acids  of  Sulphur 

.Suf/»ftiirmwt  Acid  ffaSO,.  Aq.  —  This  t«nn  is  applied  to ' 
solution  of  Kulphur  dioxide  in  water.  A  portion  of  the  Bolphur 
dioxide  remains  dissolved  physically,  while  another  portion  is  in 
combination  with  the  water,  forming  sulphurous  add.  This  in 
turn  is  ionized,  and  chiefly,  after  the  manner  of  the  weaker  dibasic 
adds,  into  two  ions,  H*  and  HSOj~.  A  little  S0|=  is  formed  from 
the  latter. 


Properties  of  Sulphurous  Add.  —  The  acid  is  so  unstable  that 
it  cannot  be  obtained  excepting  in  solution  in  water.  Chemically  it 
IB  a  comparatively  waak  add.  Aa  a  reducing  Bfant,  it  is  slowly 
oxidized  to  Bulphuric  acid  by  free  oxygen.  Sugar  and  glycerine 
act  as  noK&tlve contact acenu  and  make  the  oxidation  much  ^tower. 
It  is  oxidized  more  rapidly  by  oxidising  agents.    Thus,  when  free 
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halogentt  are  added  to  the  Rolution  (c/.  p.  161),  sulphuric  acid  and 
the  hydrogen  halide  are  formed: 

HsSOi  +  HIO  s=t  H,aO,  +  HI. 

Hydrogen  peroxide,  potaasiuni  permanganate,  and  other  oxidizing 
agents  convert  the  subetance  into  Hulphuiic  acid  likewise. 

Sulphurous  acid  has  the  power  of  uniting  directly  nith  many 
organic  coloring  matters  and,  since  the  products  of  this  union  are 
UHUally  colorless,  it  is  employed  as  a  bleaching  agent.  It  ia 
especially  useful  with  ehcrnically  reactive  materials  like  silk,  wool, 
and  fragile  structures  like  straw,  which  are  likely  to  be  destroyed 
if  bleacliing  powder  is  used.  The  compounds  thus  formed  are 
unstable,  and  lose  the  sutptiurouH  iioid  iigain.  Hence,  wool  yellows 
with  age,  and  iitruw  hats  lose  tbcir  wliitencss.  As  a  disinfectant 
it  scbi,  p«rrhap»,  by  addition  likewise. 

Am  a  dlbulc  acid,  i<uiphurou»  acid  forms  normal  Mlt*  like 
Ma«SOt,  and  add  wltt  like  NaH80,. 


Connecutir^  Reaction*.  —  There  are  many  chemical  reActiona 
that  proceed  in  two  stages,  which  can  be  carried  out  separately. 
This  is  the  case  with  the  two  re-aftions  used  in  the  chamber  process 
(p.  281).  The  actions  are  conseeutlv*,  because  the  second  uses 
materials  produced  by  the  firet.  It  may  be  noted  that  if  the 
second  action  is  as  speedy  as  the  first,  or  speedier,  then  no  intei^ 
mediate  products  will  lit-  dirtcrtablc.  This  is  the  case  with  the 
chamber  process  reactions,  when  suffideiit  steam  is  introduced, 
for  tmder  thc^  circuin.ttanccs  no  nolid  nitrosylsulphuric  acid  ia 
deposited.  If  the  second  reaction  is  slower  than  the  first,  then  the 
products  of  the  first  reaction  will  accumulate,  and  become  notice- 
able. 

The  conception  of  consecutive  reactions  enables  us  to  under- 
stand and  remember  some  fact«.  For  example,  it  was  raentiooed 
that  when  dry  sulphur  ia  oxidised,  we  obtain  sulphur  dioxide,  but 
when  moist  sulphur  in  oxidized,  by  the  air  or  otherwise,  the  only 
product  is  sulphuric  acid  (p.  267).  This  change  may  be  conceived 
of  as  proceeding  in  two  stages: 


S  +  O.  +  H^ 
2H.S0,  +  0i 


.  H^sa, 

■2H^0«, 
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whicb  would  be  consecutive  ivaetionfi.  Since  oxidation  of  solid 
Bulphur  can  proceed  only  on  the  surface,  it  is  alow.  Since  the 
Bulpburoua  acid  is  dissolved,  and  every  molecule  of  it  is  accessible 
to  the  (li:^i8olvL-d  oxygen,  or  oxidising  ugent,  the  second  action 
should  be  spit-dicr  and  consuuu-  the  product  of  the  first  action  aa 
fast  UM  it  iM  furmod.  It  i»,  thoreforo,  quite  ualural  that  no  sul- 
phurous acid  should  be  detectable  when  water  is  present. 

Sulphites. —The  add  sulphHaa  of  the  alkali  metals,  KHSOi 
and  NaHk^Oi,  when  in  solution,  are  acid  in  reaction,  owing  to  the 
apprcpjable  diEHOciation  of  the  ion  HSOj".  The  sulphites  are 
readily  decomposed  by  acids  to  give  free  sulphurous  acid,  and  the 
latter  partly  decomposes,  yielding  itulphur  diwdde  (p.  275). 

Galoluni  bl>ulphlt«  solution,  CaCHSUj]:,  is  used  to  disaolve  the 
lignin  out  of  wcwd,  and  leave  the  pure  cellulose  (paper  pulp) 
emplo)'ed  in  the  manufacture  of  paper  (g.i'.). 

When  twated.  sulphites  un<icrgo  decomposition.  The  sulphates, 
being  the  most  stable  of  ail  the  salts  of  sulphur  acids,  are  formed 
when  the  salts  of  arty  of  those  acids  are  decomposed  by  heating. 
The  nature  of  the  particular  salt  determines  what  other  products 
shall  appear.  Thus,  with  sodium  sulphite  Na^Oi,  one  molecule 
of  the  sulphite  furnishes  three  atoms  of  oxygen,  sufficient  to  oxi- 
dize three  other  molecules,  and  leaves  one  molecule  of  sodium 
sulphide  behind: 

4Na,S0,  -» Na,S  -|-  SNotSOi- 

The  sulpliites  arc  as  rcu<UIy  oxidised  as  is  the  acid  itself.  They 
are  slowly  converted,  IxilU  in  solution  and  in  the  solid  form,  by  the 
influerice  of  the  oxygen  of  the  air,  into  sulphates. 


I 


Thioaulphuric  Acid  HaS^O^,  —  Thb  acid  is  not  known  in  the 
free  condition,  but  it«  salts  are  in  common  use  in  the  laboratory 
and  conunercially.  Sodium  thiosulphate,  for  example,  is  pre- 
pared by  boiling  a  solution  of  sodium  sulphite  n-ith  free  sulphur. 
The  action  is  something  like  the  addition  of  ox>-gen  to  sulphurous 
acid: 

NasBO, -I- 8 -*  NajSiO,    or    S0,= -|- S  -  S,Oi=. 


Sodium  thiosulphate  ("hypo")  is  used  in  "0xing"  photojp-aphs. 
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By  the  addition  of  acidtt  to  a  solution  of  sodium  thio»ulphntc, 
the  thio»uIphuric  acid  iit  set  free,  but  the  latter  iastaatly  decom- 
poses, giving  a  preripitate  of  sulphur: 

Na,S|0,  +  2HC!  fzt  H,S,0,  +  2NaCl, 

H  Ao,  !=?  s  1+  nso>f±  H.0  +  80,1 . 

Peraulphurtc  Acid  IlaSaO^. — ^This,  like  the  other  acida  just 
mt'iitioiicd,  la  unstabk-,  aiid  can  be  kept  only  in  dilute  solution. 
Ita  salts,  however,  are  coming  into  use  for  commercial  purpoaes 
and  for  "roducing"  negattvus  in  photof^apby.  The  aalta  are 
prt'piired  by  dectrolyiniig  sodi urn-hydrogen  sulphate  NanS04  in 
concentrated  solution  (Hugh  Msirshall).  The  pereulphurlc  acid, 
fonncd  by  the  union  of  the  negative  ions  in  paira  uh  they  arc 
diMcbargcd  on  the  anode, 

2HS0r  +  2®  —  HAO,,* 

undergoea  doublo  decomposition  with  the  exceiis  of  sodium  bisul- 
phate,  and  the  less  soluble  sodium  persulphate  cryBtalUses  out. 
The  other  salts  are  made  by  double  decomposition  from  this  one. 

Compounila  of  Sulphur  and  Chlorine,  ~  When  chlorine  gas 
ia  passed  over  heat(^d  i-ulphur,  It  is  absorbed  and  sulphur  mono- 
chiorld*.  a  reddiah-ycllow  Uqutd,  Ixiiling  at  138°,  is  obtained.  The 
molecular  wciglit  of  tliis  au))«tancc,  as  idiown  by  the  density  of  its 
vapor,  indieai.ea  that  it  possesses  the  formula  SjCU.  Wbcn  thrown 
into  water,  it  i^  rapidly  hydrolyzcd,  producing  sulphur  dioxide  and 
sulphur:  2S,CI,  +  m^O  -» SO,  +  4HC1  +  3S. 

Sulphur  itself  dissolvoi  very  freely  in  the  monochloride,  and  the 
solution  is  employed  in  vulcanizing  rubber. 

Sulphur  dioxide  and  chlorine  gases,  when  exposed  to  direct  8un- 
light,  unite  to  form  a  liquid  known  &s  culphvuyl  ohlorid*  SOtClj. 
Camphor  causes  the  union  to  take  place  much  more  rapidly,  owing 
to  some  catalytic  effect.  The  compound  i^  a  colorless  liquid,  boil- 
ing At  69°.  With  water  it  gives  sulphuric  add  and  hydrogeD 
chloride: 

8o*ci,  +  2Hrf)  -.  sccoH),  +  ma. 

Graphic  Formula  of  Sulphuric  Acid. — The  AcUons  just 
mentioned  give  a  clue  to  the  coiii>titution  of  sulphuric  acid.    Since 
*  SoG  footnote,  p.  27& 
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chlorine  doea  not  combine  directly  with  oxygen,  but  doea  com- 
bine readily  with  sulphur,  we  may  assume  that,  In  the  formation 
of  sulphuryl  chloride,  SOt  +  CU  — •  SOjCIj,  the  chlorine  unitea 
more  intimately  witb  the  sulphur  in  the  molecule  SOg: 


Js  +  cu 


The  action  of  water  upon  the  product  is  presumably  similar  to 
that  of  water  on  phosphorus  IrJbromide  (p.  197) : 


Hf  O-H 
H4-0-H 


0 


■  2HCH-     ^8'' 


O-H 
O-H 


The  liutt  i»  c-alled  the  structural  formula  of  sulphuric  arid.  It  \a  not 
thereby  implied  that  the  atfirns  in  its  molecules  are  attached  pr^ 
cisely  in  this  manner,  however,  but  rather  that  the  chemical  be- 
havior of  the  substance,  as  being  partly  an  oxide  and  partly  an 
hydroxide  of  sulphur,  is  symlx^ized  in  this  fashion.  Such  graphic 
formuln  are  of  great  value  in  expressing  the  chemical  behavior  of 
the  complex  compounds  of  carbon. 

Ex«rci««8.  —  1.  What  ground  is  there  for  sfiaigmug  the  formula 
SOi  iiisteiid  of  S,04  to  sulphur  dioxide  (p.  277)? 

2.  Explain  why  nitric  acid  is  completely  displaced  by  the  action 
of  sulphuric  acid  on  aodium  nltrutt-  (p.  282). 

3.  What  arc  the  nJativo  volumes,  (a)  of  sulphur  dioxide  and 
nitrogen  (p.  150)  resulting  from  the  roasting  of  pyrite  {p.  27S),  (6) 
of  air  and  sulphur  dioxide  in  lujiklng  »ulphuric  acid,  (c)  of  nitrogen 
(left)  to  sulphur  dioxide  (used)  in  making  sulphuric  acid,  when 
pyrite  i-'*  the  source? 

4.  Make  a  lii<t  of,  and  clas«fy,  the  various  applications  of 
sulphuric  acid  to  the  liberation  of  other  acids. 

5.  Formulate  the  behavior  of  the  hydro8ulphat&-ion  (p.  287) 
when  a  solution  of  barium  chloride  is  added  to  a  rather  concen- 
trated  solution  of  sulphuric  acid. 

6.  Assign  to  the  proper  class  of  ionic  actions  (pp-  259,  270),  (a) 
the  action  of  iodine  on  sulphurous  acid  (p.  289),  (6)  of  sulphur  on 
sodium  sulphite  (p.  290),  (c)  the  formation  of  persulphuric  acid 
(P-  291). 
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CHAPTER  XXIT 

SKLZNIDU  AND  TELLURIUH 
THE  CLASSIFICATION  OF  THE  BLEUENT8 

Along  with  oulpliur,  i:hciuit<tt(  group  two  other  elements,  »elft- 
nium  (Se,  at.  wt.  79.2)  Jiiwl  U-Uuriuiu  (T^,  at.  wt.  I27.r>).  If,  while 
this  and  the  uext  piige  arc  rcmU,  the  nature  of  the  ctiiet  compounds 
of  sulphur  is  kept  in  miud,  the  analogy  between  the  nature  and 
chemical  behavior  of  the  three  elements  and  their  corresponding 
compouitdif  will  be  obvious  (aee  Chemical  rdations  of  the  sulphur 
family,  below). 

Occurrence  and  Propertu^n  <(f  Stflenium  Se.  —  Seleaium 
(Gk,,  the  moon)  occurs  free  iii  some  specimens  of  native  sulphur, 
and  in  combination  often  lakes  the  place  of  a  small  part  of  the 
sulphur  in  pyrite  (FeSj).  It  is  found  free  in  the  dust-flues  of  the 
pyrite-burners  of  sulphuric  acid  works.  The  familiar  forms  are, 
the  red  precipitated  variety,  which  is  amorphous  and  soluble  in 
carbon  disulphide,  and  the  lead-gray,  semi-metallic  variety,  ob- 
tained by  slow  cooling  of  melted  selenium,  which  is  uuKiluble,  and 
melts  at  217°.  In  the  latter  form  it  has  some  capacity  for  con- 
ducting electricity,  which  is  grea.tly  increased  by  cxiwHure  to  light 
in  pro[)ortion  to  the  intensity  of  the  illumination.  A  photometer, 
Ufling  this  property,  has  been  devised  by  Joel  Su>bbins  (1914),  for 
meuHuring  the  relative  intensity  of  the  light  of  different  stars. 
Selenium  boils  at  680°,  and  at  high  temperaturc8  has  a  vapor 
density  corresponding  to  the  formula  Set- 

The  element  combines  directly  with  many  metals,  bums  in 
oxygcu  to  form  mlcuium  dioxide,  and  unites  vigorously  with 
chlorine. 

Compounds  of  Selenium.  —  Fenous  sdenido,  made  by  heat- 
ing iron  hlings  with  ^eleniuiu  (qf-  P-  13),  when  treated  nith  con- 
centrated hydrochloric  acid  gives  hydrogen  Belcnide: 

Fefie  +  2Ha  ts  H^el  +  Fe<:i,. 
2S3 


4 
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The  compounfi  is*  a  poUooous  gas,  whicli  possesses  an  odor  rfcallmR 
rotteii  horse-rrtdish,  and  is  soluble  in  water.  The  solution  is  faintly 
acid  in  reaction,  and  depotdts  seleniitm  wtien  exposed  to  the  action 
of  the  air  ((^.  p.  270).  Other  selenides,  which,  with  the  exception 
of  those  of  potassiiin]  and  fodiuin,  are  insoluble  in  water,  may  be 
precipitated  by  leading  the  gas  into  solutions  of  soluble  salts  of 
appropriate  metals  (^.  p.  273). 

The  dloxida  ScO»  is  a  solid  body  formed  by  burning  sclcmum. 
SelciiiouH  acid  HiSi-Oj  may  be  mu<lc  by  dissolving  the  dioxido  in  hot 
witter,  or  by  oxidizing  srieuium  with  boiliiig  nitric  acid.  Uiitikc 
sulphur  (p.  267),  the  elt-mcnt  gives  little  of  the  higher  acid  HjScO* 
by  this  treatriient.  The  acid  is  rt-duccd  by  Hulphuroufi  acid  to 
aeleniutn :  HjSeO,  +  2H,SOs  -.  2H,S04  +  HjO  +  Se. 

No  trioxido  \n  known.  Sslenlc  add  HgScOi,  a  white  solid,  Is 
made  in  stjlution  by  oxitlizing  hiIvit  st^lcnite  with  bromine-water 
(which  contains  hypobromous  acid,  r/.  p.  101),  and  Gltcring: 


Br,  +  HjO  i 
AgiSeOi  +  HBrO  - 
2HBr  +  AgtScO« 


!  HBr  +  HBrO. 
■  AgiSeO.  +  HBr.  . 
»2Ai;Brl  +  H^SeO*. 


Bi>i  +  II,0  +  AfeScOj  -< 2AgBi  i  ~-i~ l'l:ScO(. 


It  is  itself  a  powi^rful  oxidizing  agent  and,  even  in  dilute  Bfdution, 
Iiberati»  chloruio  from  hydrocWoric  add:  HaScO.  +  2HC1  — » 
H.SeO,  +  H,0  +  Cl».  Sulphuric  acid  {cf.  p.  286),  on  the  other 
hand,  is  an  oxidising  a^nt  only  In  somewhat  concentrated  form, 
and  even  then  it  can  oxidise  bydrobromic  acid  (p.  196),  but  not 
hydrochloric  acid. 

Tetlurlum  Te,  — Tellurium  (Lat.,  the  eaiih)  occurs  in  sylvan- 
it*  in  combination  with  gold  and  Mlver.  It  is  a  white,  metallic, 
cr>-stalline  subetancc,  melting  at  452°  {b.-p.  1400").  The  free 
element  unites  with  metals  directl>*,  and  burns  in  air  to  form  the 
dioxide. 

The  compounds  of  tellurium  arc  similar  in  composition  and  mode 
of  prepanition  to  those  of  selenium.  Some  diffcrenws  in  cbcmicjil 
behavior  are  significant,  however.  Thus,  t«Uuiloua  add  HjTcOj  is 
a  very  fe«ble  acid  and  is  also  somewhat  basic,  a  sulphate  (2TeOi, 
80i)  and  a  nitrate  (TctOa(OH)NOi)  being  known.    In  this  respect 
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it  differs  mnrkedly  from  siilpburoua  add.  ToUuric  Kold  does  not 
ftfTect  indicators,  aud  is  therefore  actually  more  feebly  acidic  than 
10  hydrogen  sulpliide.  Tellurium  tetrftchlorido  TeCU,  although 
hydrolyftcd  by  water,  existii  in  solution  K-ith  excess  of  hydrogen 
chloride:  TeCl*  +  3H^  i=!  HjTeO.  +  41101,  showing  the  teiluri- 
0U8  Acid  to  be  basic  in  properties  and  the  element  tellurium  to  be, 
to  ft  certain  decree,  a  metallic  element. 

T/ur  Chvmieal  Relation*  of  the  Sulphur  Family.  —  It  will 
be  seen  that  sulphur,  selenium,  and  tellurium  are  bivalent  elements 
when  combined  with  hydrogen  or  metals.  In  combination  with 
oxygen  they  fonn  unsaturated  compounds  of  the  form  \'''(\,  while 
their  highest  valence  is  found  in  SOj,  TcOj,  and  IliSeO*,  where 
they  must  be  sexivalent.  The  general  behaWor  of  corresponding 
compounds  is  very  similar.  At  the  same  time,  there  is  in  all  cases 
a  progreeejvc  change  as  we  proceed  from  sulphur  through  selenium 
to  tellurium.  The  demcntary  substances  themselves,  for  example, 
become  mor^  like  nictals,  plijTocully,  and  they  show  higher  and 
higher  melting-points.  Ttic  affinity  for  hydrogen  decreases,  as  is 
shorni  by  the  incrui^iig  case  with  wliich  the  compounds  IIjX  are 
oxidised  in  air.  The  affinity  for  oxygr^n  likewise  dccroafics,  for  the 
elements  Ixtcomc  increasingly  (Ulficult  to  raise  to  the  highest  stata 
of  oxidation.  Ou  the  other  hand,  the  tendency  to  form  higher 
chlorides  become!  greater.  We  note  also  that  the  compounds 
H,XO«  become  lean  and  less  active  as  acids,  and  that  a  basic 
tendency  begins  to  assert  itself. 

The  Pehiodic  Stbixu 

Classification,  or  the  arrangement  of  facts  on  the  baas  of  like- 
ness, is  part  of  the  lucthurl  of  science.  It  is  needed  to  make 
possible  the  systcrnatii::  tliscription  of  the  ujtcertaioed  facta,  which 
is  a  great  aid  to  the  memory,  and  to  furnish  a  guide  in  investigation, 
by  si^B^^ting  relulioii.s  aurl  m  pointing  out  din>etions  in  which  new 
facts  of  interest  may  be  found.  Thus,  as  an  aid  to  memory,  we 
have  treated  the  halogens  nn  one  family  and  S,  Se,  aud  Te  as  an- 
otlier.  In  each  cane,  we  have  presented  the  jiropertii's  common  to 
an  membeTK  of  the  group,  and  hnve  then  pointed  out  the  differ- 
ences.    Again,  in  investigation,  aa  soon  aa  we  have  discovered  that 


I 


296  COLLEGE  CHEMISTRY 

sulphur  and  selenium  are  alUod  elements,  vk  realize  the  direction 
in  which  fruitful  results  may  be  expected,  and  ne  proceed  to  make 
the  ear  res  jHin  ding  eompounds  ivnd  to  nute  the  rei^eiiibltmoes  and 
differenees  in  the  conditions  (or  preparation  and  in  the  properties 
of  the  compounds  obtained. 

Metallic  and  Non-Metallic  Elements.  —  Thus  far  we  have 
found  the  di\'iBiHn  into  metallic  and  non-metallic  clcmcnta  very 
eei^'iceablc  for  chuiaification  tn  termK  of  chemical  relatione  (p.  163). 
Thi^  diBlinctioii  we  shall  continue  to  employ.  The  metallic,  or 
poiltlve  element*  (p.  94),  (1)  form  positive  radicals  a,nd  iou;s  con- 
taining no  other  element  (^,  p.  217).  Thus  the  metals  ^ve  sul- 
phates, nitrates,  carbonates,  and  other  sails,  which  furnish  a 
metallic  ion,  such  as  Na*  or  K*,  togt-lhcr  with  the  ions  S04=,  NOj", 
and  C0,=.  (2)  Their  hy(iroxidf»,  KOH,  Ca(OH),.  etc.,  give  the 
same  metallic  ion,  and  the  rest  of  the  molecule  forms  hydroxidcMon. 
That  is  to  say,  their  hj-droxides  are  bases  and  their  oxid««  are 
banc.  The  metallic  elements  often  enter,  but  only  mtk  other 
elflnenfs,  into  the  composition  of  a  negative  ion,  a^  is  the  case  with 
manganese  in  K.MnO*,  with  chromium  in  Ki.CnOi,  and  with  silver 
in  K..\g(CN),. 

The  BOn-metallio  or  negative  elements  (I)  are  found  chiefly  in 
negative  ratlicals  an<i  ions.  They  form  no  nitrates,  sulphates,  car- 
bonates, etc.,  for  they  could  not  do  so  without  themselves  alone 
constituting  the  positive  ion.  We  have  no  such  salts  of  sulphur, 
carbon,  or  phosphorus,  for  example.  (2)  Their  hydroxides,  al- 
though their  formula  may  be  urUUn  C10,0II,  P(OH),,  SOs(OH),, 
furnish  no  hydroxyl  ions,  as  this  would  involve  the  same  conse- 
quence. These  hydroxi<ies  aie  divided  by  dissociation,  in  fact,  so 
that  the  non-metal  forms  part  of  a  compound  negative  radical,  and 
the  other  ion  is  hydrogen-ion,  C10a.H,  POjH.O,,  SO,.Hs.  Their 
oxides  are  acidic.  (3)  Their  halogt^^u  compounds,  like  PBrj  (p.  197) 
and  SiClj  (p.  291),  are  completely  lij-drolywd  by  water,  and  the 
actions  are  not,  in  general,  reversible.  The  halides  of  the  typical 
metals  are  not  hydrolyncd  (see  Chap.  XXXIII),  and  with  those  that 
are  not  tj'pical,  the  action  i.i  reversible. 

The  distinction  is  not  perfectly  sharp,  however.  Thus,  xinc 
gives  both  saltn  like  the  .-sulphate,  Zii.80t,  and  chloride,  Zu.Clt,  and 
compounds  tike  sodium  tiucate  (p.  56),  ZnOt-Nog. 
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CtoAaiJicatton  by  Atomic  U'eiifhts.  —  Ncwlanda  (1863-4)  dia- 
covered  a  surpriamg  reRularity  that  became  apparent  when  the  ele- 
ments were  placed  in  the  order  of  ascending  atoniifi  weight. 
OmittinK  hydrogen  (at,  wt.  1)  the  first  seven  were:  lithium  (7), 
glucinum  (9),  boron  (II),  carbon  (12),  nitrogen  (14),  oxygen  (16), 
fluorine  (19).  These  are  all  of  totally  different  classes,  and  include 
firat  a  metal  forming  a  strongly  baac  hydroxide,  then  a  metallic 
element  of  the  less  active  sort,  then  five  non-metals  of  increasingly 
negative  character,  the  last  being  the  most  active  iion'iDet^ 
known.  The  next  element  after  fluorine  (19)  was  sodium  (23), 
which  brings  us  back  sharply  to  the  elements  that  form  strongly 
basic  hydroxides.  Omitting  nonu,  the  next  seven  elements  were 
sodium  (23),  magnesium  (24.4),  aluminium  (27),  silicon  (28.4), 
phodphorus  (31),  sulphur  (32),  clilorinc  (35.5).  In  this  series  there 
•re  tliroe  metals  of  tluniniithing  poativcnww,  followed  by  four  non- 
metals  of  iiitToasirig  negative  activity,  the  liiat  being  a  halogen  very 
like  fluorine.  On  account  of  the  fact  Ihiit  each  element  resembles 
luoKt  closely  the  eighth  element  beyond  or  before  it  in  the  list,  the 
relation  wil»  ealted  the  Uw  of  octavos.  After  chlorine  the  octaves 
Ix'coiiie  less  cji»y  to  Irjice, 

That  tliis  periodicity  in  chemical  nhture  k  mure  than  a  coinci- 
dcDco  'as  shown  by  the  fact  that  the  valence  and  even  the  pliysioal 
properties,  such  as  the  specific  gravity,  show  a  similar  fluctuation 
in  Mch  series.  In  the  first  two  series  the  compounds  with  other 
clement^  are  of  the  types: 


LiCI,  GlCla,   BCU,  CCU. 
NaCl,  MgCU,  AlCU,  SiCU. 


InH,,  OHi,  I-'H. 
|P,(V  SO,,  cuo,. 
tPHh   SHi,  OIH. 


Thus  the  valence  towards  chlorine  or  hydrogen  ascends  to  four  and 
then  reverts  to  one  in  each  octave.  The  highest  valence,  shown  in 
ox\'gen  compounds,  ascends  from  lithium  to  nitrogen  with  values 
one  to  five,  and  then  fails  because  compounds  are  lacking.  In  the 
aeoood  octave,  however,  it  goes  up  continuously  from  one  to 
seven. 

Again,  the  specific  gravities  of  the  elements  b  the  second  series, 
osiiig  the  data  for  red  jtlioMphorus  and  liquid  chlorine,  are: 

Na  0.97,  Mg  1.75,  Al  2.67,  Si  2.49,  P  2.M,  S  2.06,  CI  1.33. 
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Atendetvjtff'a  Scheme,  —  In  1869  Mendelejeff  publii^od  lu 
importuiit  oontribution  townrdst  iidjustiiig  the  clifliculty  wbich  the 
elcjEL-nl*  following  chloriiir  prcsiiiUHi,  aad  dcvciopt-d  the  whole 
conception  m  completely  tliat  tbe  resulting  system  of  eliwiuficHtion 
has  bcun  eonui.H-tj:-d  with  his  name  ever  m\i».  Almost  )unuilt»DC- 
ously  Lothnr  Mvyer  made  similar  su^c-^tioiis,  hut  did  nut  urge 
them  with  the  efuuc  oonviction  or  elaborate  them  so  full>'.  Tbe 
table  on  the  following  page,  in  which  the  atomic  wi^ghts  are  ex- 
pressed in  round  numbers,  is  a  niodificatioa  of  one  of  Mendelejeff'a. 

The  chief  r^hiingc  from  the  arrangement  in  simple  octaves  is  that 
the  third  series,  beginning  with  potassium,  is  made  to  furnish 
material  for  two  octaves,  potassium  to  manganese  and  copper  to 
bromine,  and  is  called  a  long  aftrieo.  The  valenees  fall  in  with  thia 
plan  fairly  well.  Clipper,  while  usually  bivalent,  forms  also  a 
scries  of  compounds  in  which  it  is  univalent.  Iron,  cobalt,  and 
nickel  cannot  be  accommodated  in  either  octave,  as  their  valences 
are  always  two  or  throe.  At  the  time  Mendelcjeff  made  the  table, 
three  places  in  the  third  long  Heriot  bad  to  be  left  blank,  as  a  tri- 
valent  element  [So]  wjis  lacking  in  the  first  octave  of  the  series,  and 
a  trivalent  (Ga|  and  a  quadrivalent  one  [Ge]  in  the  second.  These 
(daces  have  since  been  filled,  lu;  we  shall  presently  see.  The  first 
two  (the  short)  si-ries  have  Ih.iti  split  in  the  tabic,  as  Uthium  and 
sodium  closely  resemble  potassium,  while  the  remaning  members 
of  these  series  fall  more  naturally  over  the  currcsponding  elements 
of  the  second  octave  of  the  third  strries. 

The  fourth  senes  (long)  is  nearly  complete.  It  begins  with  an 
active  alkali  metal,  nibidium,  and  ends  with  iodine,  s  halogen. 
The  rule  of  valence  is  atrictlj'  preserved  througliout  the  scries,  and 
in  general  the  elements  fall  below  those  which  they  most  closely 
resemble. 

The  fifth,  axth,  and  seventh  Oong)  aeries  are  incomplete,  but  the 
order  of  the  atomic  weights  and  the  valence  enable  us  satlsfnc> 
torily  to  place  all  but  :ibout  ten  nire  elemrnts.  The  chemical 
relations  to  elements  of  the  fourth  series  justify  the  potation  aa- 
ngned  to  each.  Cffisium,  for  example,  is  the  most  active  of  tbe 
alkali  metals;  burimn  has  always  been  claseed  with  strontium,  and 
bismuth  with  antimony. 

In  two  cases  a  slight  displacement  of  the  order  according  to 
atomic  weights  is  necessary.    Cobalt  is  put  before  nickel  because  it 
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resciiibleB  iron  more  closely.  Tellurium  aod  iodine  are  placed  in 
tlmt  order  to  bring  them  into  the  sulphur  an<l  halogen  groujw 
respectively.  Their  valence  and  other  chemical  relations  both 
require  this.    The  general  agreement,  however,  is  very  remarkable. 


Generat  Relations  in  the  System.  —  In  every  octave  the 
Tal»Dc«  towards  oxygen  ascends  from  one  to  seven,  while  that 
towards  hyiU-ogen,  in  the  cases  of  the  laat  four  elements  (when  they 
combine  with  hydrogen  at  all),  dcscendi?  from  four  to  one.  The 
physical  properties  fluL-tuate  within  the  limits  of  ea<;li  series  in  a 
similar  way.  The  values  of  each  physical  constant  for  correspond- 
ing members  of  the  tuocMslv*  scries  do  not  exactly  coincide,  how- 
ever. A  progressive  ehiuige,  as  we  descend  each  vertical  column, 
is  the  rule.  Thus  the  specific  gravities  (water  =  1)  of  the  alkali 
metals  rise  from  lithium  (0.53)  to  ciwaum  (1.87).  In  the  same 
group  the  melting-points  descend  from  lithium  (186°)  to  cajsium 
(26.5'). 

As  jTt  no  exact  mathematical  (quantitative)  relation  between 
the  values  for  any  property  and  the  values  of  the  atomic  wetghta 
has  been  discovered;  only  a  general  (qualitative)  relationship  can 
be  traced.  Antieipating  the  discovery  of  some  more  exact  mode 
of  stating  the  relationship  in  each  case,  and  remembering  that 
similar  values  of  each  property  recur  periodically,  usually  nt  intcr- 
valu  corresponding  to  the  length  of  an  octave  or  scries,  the  principle 
which  is  assumed  to  underlie  the  whole,  the  periodic  lnw,  is  stated 
thus:  All  th*  propertlM  ol  the  elements  are  periodic  functions  of 
Uwlr  atomle  welghti. 

That  tlie  cbemical  relations  of  the  elements  vary  just  as  do  tbo 
physical  propt^rties  uf  the  simple  Kubstjinces  is  easily  Hhonn. 
Thus,  each  Kric«  begins  with  an  active  metallic  (poeutivc)  element, 
and  ends  witli  an  active  non-metallic  (negative)  clement,  the  inter- 
vening elements  showing  a  more  or  lej«t  continuous  variation 
between  these  limits.  Again,  the  elements  at  the  top  arc  the  least 
metallic  of  their  respective  columns.  A»  we  descend,  the  members 
of  each  group  are  more  markedly  metallic  (in  the  first  colimins),  or, 
what  is  the  same  thing,  less  markedly  non-mctalHc  (in  the  later 
columns;  cf.  p.  296). 

In  the  first  series  boron  is  the  first  non-metal  we  encounter.  la 
the  second  scries  nlicon  is  the  first  such  clemeot.    In  the  third 
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bere  is  more  difficulty  in  deciding.  TitAiiium,  vanadium,  and 
ennaiiluni  arc-  usually,  though  with  que-ttiuimble  pruprioty, 
at)  metallic  ol<;riiont«.*  Selenium  L<t  undoubtedly  non- 
letallic.  Arecnic  18.  011  the  whole,  non-metallic.  In  the  fourth 
erie*  tellurium  is  commonly  considered  t«  be  the  first  non-metalHc  | 
emcnt.  Thus  s  zigzag  line,  shown  in  the  table,  separates  nil  the 
non-metallic  element*  from  the  rest  of  the  elements,  and  confines 
them  in  the  right>hiuid  upper  eoriier. 

A  more  compact  form  of  the  table  is  printed  at  the  ftnd  of  this 
book,  opposite  the  rear  cover.  The  only  diffp-renre  between  this 
and  the  other  is  that  the  two  octaves  of  each  long  series  have  been 
plared  in  the  same  set  of  seven  main  columns.  The  iron,  palla- 
diinn,  and  platinum  groups  occupy  a  column  on  the  right  of  the 
main  columns,  and  are  often  called  collectively  the  eighth  group. 
The  newly  discovered  elements,  found  chiefly  in  the  air,  have  been 
placed  at  the  left-hand  side.  Since  they  do  not  enter  into  com- 
bination at  all,  their  valcnoc  may  appropriately  be  ^ven  as  zero. 
With  the  exception  of  argon,  the  valuer  of  their  atomic  weights 
agr«c  well  with  this  assignment.  Hydrogen  is  the  only  common 
element  whose  place  is  still  in  debate.  The  valence  is  shown  by 
the  general  formulu':  at  the  head  of  each  column. 


Bio< 


AppHcationa  of  the  Periodic  System.  —  The  system  has 

und  application  fhieily  in  four  ways: 

1.  In  the  prvdiotloD  of  a«v  elsoMDta.  Mcndelejeff  (1871)  drew 
Att4;utioii  to  the  blnnk  then  existing  between  calcium  (40)  and  tita- 
nium (48).  He  predicted  that  an  element  to  fit  tliis  place  would 
have  an  atomic  weight  44  and  would  be  trivaleut.  From  the 
nature  of  the  surrounding  elements,  he  very  cleverly  deduced  many 
of  the  physical  and  chemical  properticR  of  the  unknown  element  and 
of  its  compounds.  In  1879  Nilson  discove-red  scandium  (44),  and 
its  behavior  corresponded  closely  with  that  predicted.  Mendcle- 
Je(f  described  accurately  two  other  elements,  likewise  unknown  at 
the  time.  In  1875  Lecoque  de  Boisbaudran  found  gallium,  and 
in  188S  Winkler  discovered  germanium,  and  these  blanks  were 
filled. 

*  tn  diHcuidng  rlirmiaJ  rrlntinn*,  tbc  t^^mi  m«taili«  aiainmit  u  prrfM«bl« 
1«  aaUL  The  rr«<e  plcoipnl  {t.c-,  arsenic)  may  buru  tli«  Iuat«T  of  n  nietal, 
and  yet  the  clcmeut,  iu  ooiubtiiAtioii,  may  be  non-mcUllic  or  ncgntivc 
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2.  By  enabling  iis  to  decide  r>n  the  correct  values  for  the  atoodc 
welcht*  of  :<ui»e  clcinent-s,  when  the  e(|iiivalejit  weights  have  been 
qiMisured,  but  no  v(^atJIe  compound  if>  knonn  {cf.  pp.  104  and  118). 
Thus,  the  equivalent  weight  of  indium  was  38  and,  as  the  element 
wiut  suppoHwI  to  l>e  bivalent,  it  received  the  atomic  weiRht  76.  It 
waa  quite  out  of  place  near  arsenic  (75),  however,  Iwinj;  decidedly 
H  mclfiUic  (;k'mcQt.  As  a  trivftlent  oleiuent  with  the  utomic  weigbt 
115,  it  fell  Ix'twccn  radniium  and  tiu.  Later  work  fully  ju.-4tJfiod 
the  ebangc.  Quite  rccciilly,  rndiurn  ha*  been  dtscovenni,  and 
found  to  have  tlic  wjuivalent  wci^^it  1 13  and  to  resemble  barium, 
If,  like  barium,  it  is  bivalent,  it  occupies  a  place  uuuer  thi^  ele- 
ment, in  the  lai^  sericK. 

3.  By  nigfMtiiig  problems  for  InvesttsatJoii.  The  periodic  i^istem 
has  been  of  coiisliinl  wrvioi:'  in  ibc  fi.niisi'  of  inorganic  research,  and 
has  often  furnished  the  ori^nnl  stimulus  to  sueli  work  us  weU.  For 
example,  the  atomic  weight  of  teJIuriuni  bore  the  value  128  when 
the  table  wat  (in*t  constructed,  and  it  was  confidently  expected  that 
reexamination  would  bring  thlt  value  l)elow  that  of  ioitine  (then 
127,  now  126,92).  Scvurnl  most  careful  studies  of  the  subject  have 
been  made  by  different  methotls.  It  seems  probable  tJiat  the  teal 
value  of  the  atomic  weight  is  not  far  from  Te  =  127.5,  and  there- 
fore more  than  half  a  unit  greater  than  that  of  iofline.  Since,  how- 
ever, mathematical  correspondence  is  found  nowhere  in  the  system, 
the  existence  of  markeci  inconsistencies  like  this  need  not  shake  our 
confidence  in  its  value  when  il  is  used  with  due  consideration  of  the 
degree  of  correspondence  to  be  e-xpected. 

Ill  the  .same  way,  incorrect  values  of  many  physical  properties 
have  lieen  detected,  and  have  been  rectified  by  more  careful 
work. 

4.  By  furnishing  a  comprehensive  claulflcatlon  of  the  elements, 
arranging  them  so  as  to  eithibit  the  relationships  among  the  physical 
and  chemical  properties  of  the  elements  ihemsclves  and  of  their 
compounds.  Constant  use  will  be  made  of  Ihi.'*  proj)crty  of  the 
table  in  the  succeeding  chapters.  Having  disposed  of  the  halogen 
and  sulphur  families  (excepting  the  oxygen  compounds  of  the 
former),  situated,  respectively,  in  the  seventh  and  sixth  columns 
of  the  table  (at  the  end  of  this  hook),  we  shall  presently  lake  up 
nitrogen  and  phosphorus  from  the  right  side  of  the  fifth  column. 
Then  from  the  fourth  column,  we  shall  select  carbon  and  silicon, 
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and  from  the  third  boron,  leaving  ilk  other,  mow  decidedly  nu-tal-^ 
lie  elementa  for  later  treatment. 

MtMetey'a  Atomic  Mumbera.  —  We  hhve  seen  that  simple, 
matliviiiiitic»l  n-lution!*  Ix-twwn  Ihv  filoniie  weights  and  the  pbysi- 
cai  or  chvniiciil  proix-rtivB  of  an  vlenit-nt  do  not  exist.  In  several 
instanced,  the  atomic  weights  are  not  even  in  the  same  order  as 
are  the  values  of  the  iiroi>erti<«.  We  have  now  obtainwl  from 
another  direction  numbers  which  seem  to  be  more  fundamental 
even  than  atoniir  weighla. 

Visible  light,  X-raj-s,  and  wireleas  electric  wa^■e^  are  all  vibra- 
tions of  the  same  nature  in  the  ether.  They  differ  only  tn  wave- 
length, the  order  of  the  wave-lenRtha  being  10^  cm.,  iO~*  cm.,  and 
10*  cm.  (10  kilometers],  respectively.  Now,  just  as  the  spectrum 
of  visible  light  is  obtained  by  using  a  grating,  on  which  the  rulings 
are  separated  by  distances  of  the  order  of  the  wave-length  of  such 
hght,  Bo  ordinary  cryHtaU  give  spectra  of  X-rays,  because  they  are 
composed  of  particles  arranged  in  rows  about  one  thousand  times 
closer  and  so  form  a  suitable  grating  for  X-ra)-8,  This  fact  was 
first  discovered  by  Dr.  Lauc  of  the  UnivcrMty  of  Zurich  (1912). 
The  X-rays  arc  produced  in 
an  evacuated  tube  by  cathode 
rays,  which  arc  strcamn  of 
electrons  emanating  from 
the  cathode  (C,  Fig.  88), 
when  they  stnlcc  the  anti- 
cathode  (A). 

With  different  elements  on  the  anti-cathode,  X-rays  of  slightly 
different  wavfvlengths,  and  therefore  giving  different  X-riiy 
spectra,  are  produced.  By  using  different  elements,  Moscley 
(1914)  has  found  that  the  higiier  the  atomic  weight  the  shorter  the 
wave-length  of  the  characteristic  X-rajfi,  WheJi  the  elements 
are  uranged  in  the  order  of  these  wnve-lengths,  whole  numbers 
can  be  assigned  to  each  wliich  are  inversely  proportional  to  the 
square  roots  of  the  wave-lengths  of  corresponding  lines  in  their 
X-ray  spectra.  These-  atomic  numbers  have  been  determined  for 
most  of  the  elements,  the  atomic  weights  of  which  he  Iwtwecn 
those  of  aluminium  and  gold.  In  the  following  table,  the  atomic 
numbers  for  these  ek-meuts  arc-  given  and  numbers  for  the  twelve 
elements  preceding  Al  have  been  inserted  also. 
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ATOMIC  NUMBERS  (Moseict) 


B  1 


Ha    3 

u    s 

01     4 

a    ( 

c     • 

N      T 

0      B 

F      > 

Ne  10 

N&  11 

Mjli 

Ai  n 

m  14 

r   IS 

H    in 

a    17 

A     IS 

K     1« 

Co  10 

&!     31 

Ti  U 

V  n 

Cl  M 

Mnlt 

Fa  M 

Co  37 

CuN 

Zd  so 

a»  31 

()•  £1 

A>  aj 

a*  S4 

Bt  U 

KiM 

RblT 

»r  W 

Y     W 

Zr  40 

Cb4l 

»n41 

-    41 

Ru44 

nil  43 

A(  <7 

Cd  t» 

In   48 

Hn  10 

»b  SI 

la  &1 

1    a 

X»H 

Ck  K 

AuT» 

BiM 

U  » 

Ca  U 

t»  T3» 

W    li 

-  re 

0*  TS 

If  n 

Nl  » 
IM4S 
Pi  TS 


■  The  aUimlo  numben  Se-T3  tn  Hums  oI  Uw  nwtala  of  ilw  run  Mnhi:  t*r  SO.  N<l  W. 
-ei.  aa  93.  Ku  63.<]<1  M.  Tb  06,  Dy  Ofl,  Uo  ftT.  Ei  «S.  Tia  09.  Yb  10.  Lu  71. -72. 

It  will  be  seen  that  there  is  a  whole  uuniber  available  for  every 
known  element,  up  to  and  including  ((old,  and  not  omitting  the 
rare  olemeiits  which  have  no  satiafaetory  place  in  the  |>erioiiic 
system.  There  are  two  blank  numberei  in  the  table,  which  eorre* 
epond  to  two  spaces  below  Mn  in  the  perio<)ic  syHtt^m,  and  two 
more  amongst  the  rare  elementa,  indicating  only  four  elements 
with  atomic  weightB  leas  than  that  of  gold  yet  to  be  discovered. 
The  atomic  numbers  of  argon  and  pc>taA.iium  place  them  in  the 
chemically  correct  order,  while  the  atomic  weif^ts  do  not.  The 
same  is  true  of  cobalt  and  nickel  and  of  teUurium  and  iodine. 
Finally,  it  is  ev-ident  that  the  atomic  weight  of  each  element  is, 
roughly,  double  ita  atomic  number. 

The  atomic  numbers  represent  the  nimiber  of  unit  positive 
charges  of  electricity  In  the  nucleus  of  the  atom  of  each  element 
(p.  235).  Rutherford  has  shown  that  the  nucleus  contains  ahuust 
the  whole  mass  of  the  atom,  although  one  or  more  electrons 
(negative)  are  present  also.  Thus,  the  posilive  nucleus  of  tbo 
hydrogen  atom  is  1800  times  heavier  than  one  electron.  Tlic 
nucleus,  however,  is  very  minxite,  having  a  diamet^  only  about 
one-eighteen  hundredth  of  that  of  an  electron. 

The  atomic  numbers  apparently  determine  all  the  properties 
of  each  element,  and  are  more  fundamental  than  the  atomic 
weightu.  The  latter  are  secondary  properties,  in  moat  citses 
modified  by  other  factors,  and  in  a  few  cases  actually  thrown  out 
of  order  by  euch  factors. 

Crystal  Structure.  —  In  this  connection  it  may  be  mentioned 
that  by  using  crystals  of  different  substances  as  X-ray  gratings, 


d 


THE  PERIODIC  STSTEM 


305 


W.  L.  Bragg  (1914)  ha«  been  able  to  measure  the  distances  be- 
tveen  the  rows  of  particles  in  crystals.  He  also  finds  that  the 
partideci,  the  regular  arrangement  of  which  ffivea  the  structure 
(p.  82)  of  the  crystal  (e.g.,  a  cube  of  common  salt),  are  not  the 
moleciilefl  of  the  compound,  much  leas  aKKreRates  of  such  mole- 
cules, but  the  atoms  of  the  constituent  elements.  It  would  thus 
^ipear  that  the  physical  forces  (if  we  may  call  them  physical) 
which  hold  the  crystalline  solid  together  have  completely  crushed 
the  chemical,  molecular  structure  out  of  existence,  and  have  ar- 
ranged the  constituent  atoms,  aa  the  units  of  the  structure,  in  a 
crystallographic  pattern.  Of  course,  when  the  crystal-form  is  de- 
stroyed, by  melting,  solution,  or  vaporization,  the  neighboring 
atoms  remain  united  in  groups,  constituting  the  chemical  mole- 
cules of  the  substance. 
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Exerciaea.  —  1.  Can  you  explain  the  presence  of  five  selenium 
in  the  BucM  of  pyrite  burners  (p.  294}? 

2.  How  should  you  attempt  to  obtain  H)Te,  and  what  physical 
and  flicniioal  properties  should  you  expect  it  to  possess? 

3.  Make  a  list  of  bivalent  elements  and  criticize  this  method  of 
grouping  as  a  means  of  cheuiical  classification. 

4.  Write  down  the  symbols  of  the  elements  in  the  fourth  seriee 
(that  begiiming  with  rubidium,  and  ending  with  Iodine)  on  p.  299. 
Record  the  vsilence  of  esieh  element  toward  oxygen,  using  for  refer- 
ence the  ohaptent  in  which  the  oxygen  compounds  are  described. 
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CHAPTER  XXIII 

OXIDES  AND  OXYGEN  ACIDS  OP  THE  HALOGENS 
OXIDATION  AND  RXDDCTION 

The  chiff  subjects  of  pnictirjil  rrii]MjrUiTiri'  touched  Upon  in  the 
first  part  of  lliis  ehaptvr  nro  (■ourn-cltMl  wilii  blenching  powder 
CaCUOCI),  nnd  potassium  chlorate  KCIOi  ftod  perchlorate  KC10«. 
Henoe  our  attentiun  will  be  Inrgcly  directed  to  the  modCR  of  making 
these  substancea  and  to  their  n'lations  to  one  another.  Inciden- 
tally, we  shall  encounter  many  actions  of  a  complex  and,  to  us, 
more  or  leas  novel  kind. 

Compounds  of  Chlorine  Containing  Oxygen.  —  The  fol- 
lowing are  the  name^  an<l  formulae  of  the  substances: 

HCiO  Hypochlorous  acid,  CIjO  Hypochloroua  anhydride, 

IHCIO,]  Chlorous  acid,  

ClOi  Chlorine  dioxide, 

HCIO,  Chloric  acid,  

HCIO4  Perchloric  acid,  CUOj  Perchloric  anhydride. 

There  are  ftlao  salts  of  these  acids,  like  the  three  substanoftT 
mentioned  in  the  first  pftr«grfti)h.     Chlorous  acid  is  itj»clf  unknov^Ti, 
but  potassium  chlorite  KClOa  and  some  other  derivatives  have 
been  made. 

The  two  anhydrides  (p.  94),  when  brought  into  contact  with 
water,  combine  with  it  to  form  the  acids  opposite  which  they  stand 
ill  the  table.  Chlorine  dioxide  (q-v-),  however,  is  not  related  to  any 
one  acid  in  this  way, 

AH  these  compounds  differ  from  most  that  we  have  hitherto  dis- 
cussed, inasmuch  as  not  one  of  them  can  be  made  by  direct  union 
of  the  simple  substances. 

Nonwnclattire  of  the  Acids  and  their  Salta.  —  The  ftcids 
and  salts  sire  named  on  a  plan  similar  to  that  uaed  in  the  case  of 
thv  liulphur  acids: 

am 
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KCIO  Potantsiuin  hjfpoMonte, 
KCiOj  Putftw*iiun  chlorite, 
KCIOi  Potftwium  chlorate, 
KCIOt  Potassium  perchlota(e. 


HCK)  i/t/pochloroua  add, 
HCI02-Chior<«M  acid, 
HCIO,  Chlonc  acid, 
HCIO4  Perchloric  acid. 


It  should  be  noted,  however,  that  the  uae  of  ic  and  out  for  more  and 
lees  oxygon,  rtspeclively,  and  of  hj/po  for  still  loss  and  of  per  for 
Btill  more  oxj'gen  are  simply  relative  terms  mlhin  a  single  group. 
Thu«,  sulpliuric  acid  HsSO*  has  a  composition  entirely  different 
from  chloric  acid,  and  both  of  these  tliffer  in  eomposltlon  from 
phosphoric  aci<l  H]P04.  The  tuuiies  and  formula;  of  each  group 
must  be  learned,  separately. 

Chlorine  MonoxUle  or  Ilypocbloroiia  Anhydride  ClaO. — 

A  solution  of  pure  hypochloroufl  acid  is  most  easily  prepared  by 
dissolving  the  imhydridc  in  water.  This  oxide  is  obtained  by 
pawing  chlorine  gas  over  warmed  mercuric  oxide  *  HgO  [Fig.  66, 
p.  156).  Each  of  tiui  constituents  of  the  oxide  combines  vith 
chlorine: 

HgO  +  2C1,  -» ligplt  +  CUO. 

The  mercuric  chloride  then  unites  with  anotlier  formula-weight  of 
the  mercuric  oxide  to  form  a  soUd  basic  mercuric  chloride  HgO, 
HgCl,,  which  remains  in  the  tube.  The  chlorine  monoxide  is  s 
brownish-yellow,  heavy,  easily  liquefied  gas  (b.-p,  5*).  When 
slightly  warmed  it  decomposes  into  its  constituents  with  cxplfisioQ. 
The  gas  dissolves  in  water  very  easily  (20O  :  1 ,  by  vol.).  The  yd- 
low  solution  of  hypochloroua  acid  which  results: 

CW)-^H^l=f2H0Cl,  M 

hae  II  strong  odor  of  chlorine  monoxide,  Itecauee  the  combination 
U  reversible.  There  arc  other  wa>-sof  preparing  a  dUtOe  solution 
of  the  acid  (see  below). 

Propt^rtU's  0/  Hypochloroua  Acid.  —  Hypochlorous  acid  ts 
unstable,  and  cannot  be  made,  excepting  in  solution,  or  kept,  ex- 

*  The  orystalliae,  red  oxkl«  U  not  (ufBciently  active.  The  oxido  must  be 
pTRfiipittitnil  frnni  nndiiiin  hydroxide  and  tiifirurio  nitrate  solutions,  it  tntul 
be  waabed  ihoTUUKlilj'  ou  a  Alter,  aud  be  dried  at  SOO-JOO'  before  un. 


308 


L  HjrpoddorooB  add  ■  •  EttlHaned, ' 
HOa?=H*  +  Cl£r. 


It  neotraGses  Mtire  baao,  Ha  '•— '— *^"-  cqaSbmm  bene  <&- 
piMcd  fonraidi  M  Uw  l^dregnMoo  H'^  it  tcaond  to  fann  vster: 

N»OH  +  HOaT^KaOa  +  H^. 

2.  The  aolutioo,  if  rtrong,  ff<na  <M  thlaiiue  mongiirtp  CV>,  the 
unvio  with  water  \iiaDH  rerosble. 

3.  If  the  atrfutjon  is  eooeeotnted,  modi  of  the  bypochlanMB 
add  cbangM  gradually  tsto  cMorie  aod  sod  hyiirogEn  *Mn»iiV^ 
Tliia  in  a  aelf-^nddatum.    It  oc«nm  even  in  the  duk: 

3H0a  -*  HaO»  +  2HCL 

4.  When  the  solution  is  expand  to  sunligfat,  coTgni  ia  evohrd 
rapidly. 

2HOC1  -*  2Ha  +  Or- 

Thia  deoompoittion  alvraya  takea  place  in  sunlight,  whether  the 
add  i«  prcsL-Dt  ulonc  in  the  water,  ra  along  with  other  subetances. 
yif  have  already  noted  this  fact  in  discuE&tng  chlorine-water  {p. 
1<^),  which  cuutaina  this  acid. 

5.  In  corwetiueuce  of  the  eaae  with  which  it  pves  up  oxygen, 
bypoclilorouH  iicid  i»  a  strong  oxidizing  agent.  In  this  directioo 
H  lias  aeveral  imp<viant  commercial  applications  (see  below). 

Commvrdai  Preparation  o$  Uypttcbloritea.  —  For  com- 
mi^rdjil  pijqKiMW,  pure  hy|>i><:hlorit<.'s  jire  Qot,  as  s  rule,  required, 
f  Icnrc,  lodlum  or  potanlum  hjrpochlorit*  is  prepared  by  ttie  action 
of  nodium  or  putaatium  hydroxide  on  cfalorinc-watcr.  The  latter 
conlainn  both  hydrochloric  aod  hypochlorous  acids,  and  «o  a 
solution  containing  a  mixture  of  sodium  or  poUufisium  chloride 
and  hypocliltHite  ia  obtained: 


CU  +  H)0  : 

Ha  +  KOH  ; 

HOCl  +  KOH : 


:  HCi  +  HOCl. 
:  KCi  +  IW. 
■■  KOCl  +  HiO. 


« 
I 

f 


a) 

CO 
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Although  action  (1)  is  only  partial,  Iwing  strongly  revcrsibl«,  the 
neutralizntion  of  the  two  acids  in  actions  (2)  and  (3)  displaces  the 
first  equilibrium,  and  all  three  actions  proceeil  to  oompletion. 
Action  {!),  foSlowed  by  (2)  or  (3),  is  a  \mr  of  conitecutivo  actions 
(p.  289),  of  which  the  second  (the  neutralimtion)  is  the  speedier 
of  the  two.  Both  pairs  of  consecutive  actions  (1)  +  (2)  and  (1) 
+  (3),  can  be  combined  in  one  equation.  Thus,  omitting  the 
water,  which  appears  lx>th  among  products  and  initial  substances 
and  in  any  cai<e  is  present  in  large  excess  as  a  solvent,  and  omitting 
also  the  two  acids,  which  are  used  up  as  quickly  as  they  arc  pro- 
duced by  equation  (1)  and  are  not  amongst  the  actual  products, 
we  get,  by  addition  of  the  three  equations  (cf.  p.  105),  the  final 
equation: 

CI.  +  2K0H  -»  KCl  +  KOCl  +  HjO. 

As  time  b  a  less  expensive  atkali  than  is  potassium  or  sodium 
hydroxide,  it  ia  largely  used.  The  chlorine  is  led  into  ohamben 
"ontaining  quicklime  CaO  spread  on  traya: 


CaO  +  Cla-»Ca 


y 


a 


The  product  is  not  a  mixture,  but  a  mixed  salt  (p.  2't5),  known 
as  bleaohLnf  powdn  or  "chloride  of  lime."  The  fact  that  this 
is  a  mixed  salt  does  not  interfere  with  its  use  as  a  commercial 
source  of  hj'pocltlorous  acid.  It  ia  only  moderately  soluble  in 
water. 

Uypochloroua  Acid  from  Bleaching  Potcder.  —  1.  When 
bleaching  powder  is  <iiRsn!ved  in  water,  lieing  a  siilt,  it  is  very  ex- 
tensively ioniietl  (see  formulation).  If  now  an  aeiive  acid,  that  is, 
one  giving  a  large  ooncentratJon  of  hydrogen-ion,  is  added,  the 
values  of  the  products  of  the  concentrations  [H*]  X  IC'I")  and 
IH+I  X  lOt^l"],  on  which  depend  the  extent  to  which  molecules  of 
HC;i  and  HOCI  will  be  formed  {p.  238),  are  large.  HC:iO,  being 
little  ionized,  is  formed  extensively:  HCI,  being  highly  ionized  is 
formed  in  much  smaller  amount.  Both,  however,  interact  to  pro- 
duce chlorine  and  water,  and  this  dispUco:  the  other  equilibria. 
Uence  an  active  acid  deoompoees  tlw  salt  almost  completely.     An 
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It  also  oxidises  bromine  and  iodine,  in  water,  although  these  ele- 
ments are  not  affected  by  free  ox>'gen,  gi\'ing  bromic  and  iodic 
acids,  respectively: 

SHCiO  +  I,  +  Hrf)  -» SHa  +  2HI0,. 

The  solution  also  oxidizes  organic  colored  substances  (p.  221), 
producing  colorless  or  lesa  strongly  colored  unc«.  Thux,  it 
oxidizcH  iniligo  (deep  blue)  quickly  to  isatin,  a  yellow  subntance 
relatively  i)ale  in  color: 

C..H.oN,0*  +  2H0a  -» 2CH.N0i  +  2HC1. 

In  ways  just  as  definite  as  this,  hypocfalorous  acid  will  change  the 
com  position  of  other  colored  substances,  although,  since  we  do  not 
know  the  formula?  (rf  all  these  substances,  we  caimot  always  write 
oquatious  for  the  actions. 

Hypochloroiu  Acid  as  a  Bleaching  Agent.  —  It  is  on  account 
of  its  oxidizing  power  that  bypocblorous  acid  is  used  commercially 
in  bleaching.  It  is  not  applied  to  imints,  which  arc  chiefly  mintral 
substances,  but  to  complex  compounds  of  carbon,  such  us  consti- 
tute the  coloring  matters  of  plants  and  of  those  artificial  dyes 
which  are  now  inanufactur4.-d  in  great  variety. 

Cotton  and  linen,  in  their  original  statnt,  are  not  pure  white. 
Blenching  iu,  therefore,  an  extensive  and  most  importunt  industry. 
The  yarn  or  cloth  must  fu^t  be  freed  from  cotton-wax  and  tannin, 
nnoc  the  former  would  protect  it  from  the  action  of  the  bleaching 
^;ent,  aii<l  botli  would  make  the  subsequent  dyeing  uneven.  The 
material  is,  therefore,  first  boiled  with  very  <iilute  sodium  hydroxide 
solution,  and  waslied  with  water.  The  goods  ar«-  then  saturated 
with  bleaching  powder  !<olution,  and  piled  loosely  until  the  coloiing 
matter  has  been  oxidi^ied.  Tliey  are  {inally  washed  with  extreme 
thoroughness. 

As  a  rule,  an  active  acid  is  not  added.  The  bleaching  is  pro* 
duocd  by  the  hypochlorous  acid  liberated  by  the  action  of  the  car- 
bon di(»dde  from  the  air.  The  t^rbun  dioxide  dissolves  in  Uie 
water  of  the  solution  on  the  guoilx,  and  forms  carbonic  acid: 
COi  -I-  HiO  *^  HiCO,  (see  p.  310,  par.  2).  The  subsequent  wash- 
ing removes  all  traeea  of  the  bleaching  powder,  of  the  lime  which 
tlie  powder  often  contains,  and  of  the  hypochlorous  acid,  which 


w**'  *ttMi«uw  ouf  ifi^  »Tif^  *  T^7  iawT-  mtx^  laa^  ir  nun» 
ii.->wMi<vivi*  ir«.  StUVL  -rra.  lo^  rmine-  asL  jomng  »t- 
41mc  ia  Iwmy  «  buK-     "V^im-  ak.  bul  iwani-^   xiwrt^'s:  an- 

<iv  ^t«  v^j>7  \/  •.-uiwn4(  «uurjiii*Ht.  5»iik.  sm^  '^n*  inns:  isef 
»vM  '>  tt'^cifii^  '7  'ii»  t^Rir.  eimnur  duzuie  ir  sinumrniB 

^«U/'V>,        '*''"«   M    ^l*    V.   ^Cft    tfToiuL    'J.    tusmsciusn;    Elicit    ^ 

>^  wz+a/,/  {;)*^*Jiix*f.   ;.-  VI  -  i.  '.ci*  -■■— "■f.^gj-n  .-f  .ttt  'vises 

(>,«  ^^-*  w,..".vyf,  imXi/KA  li  -KxfJir, .    Tilt  sah  ii  brarifrrM>£  r^  IST . 

(;,«</«  v. lit  •!>;  '/tKftti'unM,  HfA  in  i'^*M  fifxrjcipoatd.  is  lae  ^tvor^k. 
Ml  y)M*.  tuA.Uum,  utinaAw:  Titiinitii:  lb  tb*  waio-.  Tbere  is  cciy  a 
miiuU-  iii/yt-iut;  in  tti«;  iff'^itfnifm  of  KSilU  of  caldnm  .hardDess'. 
tU-"iii\y,  '■UU/r'nif--whU'^,  iti»/b:  \/y  use  <rf  c^iiitdas  of  liquid 
fiiUttUi*:  <\t.  fitl/,  \mm  in  ftiMiy  i-JUitat  taken  the  place  of  Uearhing 
litiWiU-t  t/iinii'iii  for  th'tK  imrjuim:. 

fhlnrlim  lutl  a  tttmw:htnff  Agent.  —  Chlorine  itself  is  <^tai, 
nriniif'iiiniy,  iUtUir'f\M»l  hm  u  biruching  agent.  If  a  dry,  colored 
fiiiiiU  \i>f  Imnit  for  n  wwk  in  ^rhlorim;  gaii,  dried  by  a  little  sulphuric 
M'Ui  III  l')ii!  \uil,Unii  nf  i\u:  iKjttIrr  (V'lK-  SO),  little  or  no  change  in  the 
tHilur  will  (i(!(!iir,    Hut  »  wet  rag  i»  bleached  as  soon  as  the  chlorine 
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has  liiuc  to  dissolve  in  the  water  and  give  the  necessary  hypochlo- 
rous  acid.  Flowcxs  arc  bleached  by  dry  cUoriiic  goa,  becnuse  by 
tbetr  nature  th^-  contoui  the  indispcrisuble  water. 


Chemical    Properties    of    tlypocMoritrs.  — 

When  hypochluriltw  arc  hoittcd  they  change-  iiilo 
chlorfttcs  (wc  below).  TLcy  may  aLw  give  uff 
oxygen,  2CiiCl(0CI)  -*  2CaCli  +  Of  Altliough 
this  decomposition  is  sluw  iu  cold  solutiou,s  uf 
hypochlorites,  or  when  they  ore  preserved  in  the 
ilry  form,  it  may  be  hastened  by  moans  of  catu- 
l>'tio  agents.  The  addition  of  a  little  (ubtilt  hy- 
droxide  iq.v.)  to  a  paste  of  bleuehiiig  powder  and 
water  causes  rapid  evolution  uf  oxygen. 


^ 


f— 

•^ 
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Chtorat-en.  —  Like  hypochlorous  acid  iUelT,  the  h>'pochloriW« 
turn  into  chlorates.  Thus,  when  elJurine  is  paBsed  into  a  warm, 
concentrated  soliitlon  of  pota.'<siuni  hydroxide,  and  particularly 
when  an  exceiw  uf  chlorim-  is  used,  the  potassium  hypochlorite 
chuiges  into  potanium  oblorMe  K('U)s  as  fast  as  it  is  formed. 
Since  this  action  (equation  2)  requires  3KC10,  the  equation 
formerly  given  (p.  309)  must  be  tripled: 

3Cii  +  oltoH -*  sRci  +3Kao  +  aH,o.         (i) 

3KC10  ->  2KC1   +  KCIO,.  (2) 

Adding:      3C1,  +  6K0H  -»  KUOi  +  5KC1  +  3HiO. 

niien  tlie  solution  is  cooled,  the  less  soluble  chlorate  crystalUies. 

This  action  involves  converting  five-sixths  of  the  valuable  potas- 
sium hydroxide  into  the  rehitively  less  valuable  potassium  chloride. 
Uence,  in  practice,  the  makers  carr\'  out  the  corresponding  action 
with  calciiun  liydroxide.  They  then  add  potassium  chloride  to  the 
resulting  solution,  containing  calcium  chloride  (very  soluble)  and 
ealdum  chlorate  Ca(C10,)3.  The  potassium  chlorate,  formed 
by  double  decomposition,  crystallizes  when  the  solution  is 
cooled. 

All  chlorates  are  at  least  moderately  soluble  in  water  (see  Table 
inside  of  front  cover).  Potassium  chlorate  is  used  in  making  tire- 
works,  explosives,  and  matches.  An  intimate  mixture  with  pugar 
C;sHtiOu  bums  with  semi-explosive  violence,  the  oxygen  of 


4 

I 

I 


314  COLLIMiE    CHEMISTRr 

ealt  «oinbining  with  the  carbon  and  hydrogsQ  of  the  sugar  to ! 
carbon  dioxide  and  water. 

Chloric  Acid  tfC.lOz-  —  Since  none  of  the  acids  of  this  series 
can  be  obtained  by  direct  union  of  tbeir  eJemcnts  (p.  306),  it  is 
usual  first  to  prepare  ttie  saJts,  and' to  make  the  adds  from  the 
salts  by  double  decompaiition.  Thb  acid  may  be  obtained,  in 
solution  ill  water,  by  addinR  the  calculated  amount  of  ^uted 
sulphuric  acid  to  a  solution  of  barium  chlorate: 

Ba{C!0»),  +  HiSO*  t?  BaSOU  +  2HCI0,. 

The  barium  sulphate,  being  insoluble,  is  removed  by  filtration. 
It  will  be  not<.-d  t  liiit  double  decomposition  involving  preclpltatloQ 
nui7  thus  ba  usod  for  obtaining  a  lolablt  pn>dueti  as  well  lus  an  in- 
solubk'  one  {f/.  st'lenic  acid,  p.  294). 

Tlie  sohitiou  may  be  concentrated  (to  about  40  pef  cent)  by 
cvftpdriilion,  but  must  not  be  heated  above  40°,  as  the  acid  decom- 
poses near  this  temperature.  Tlie  rc-itulting  thick,  colorless  liquid 
has  powerful  oxidising  qualities,  setting  fire  to  paper  (made  of 
cellulose  (C(Hia(X)«)  which  has  been  dipped  into  it.  It  converts 
iodine  into  iodic  acid,  2HaOi  +  I,  — 2HI0,  +  Clj.  When 
not  in  solution,  or  when  warmed  in  solution  beyond  40",  the  acid 
decomposes,  giving  chlorine  dioxide  ami  perchloric  aoid: 

3HCI0,  ->  H,0  +  2CI0a  -(•  HCiOi. 

Chlorine  Hioxide:  Chlorous  Aeitl.  —  Ohloriiw  dlozlds  ClOi 
(see  above)  ia  a  yellow  gas  which  may  be  liquefied,  and  boils  at 
+ 10°,  The  gas  and  liquid  are  violently  explosive,  the  substance 
being  resolved  into  its  elements  with  liberation  of  much  heat.  It 
ia  formed  whenever  chloric  acid  is  set  free,  and  hence  it  ia  seen 
when  a  little  powdered  potassium  chlorate  is  touched  with  a  drop 
of  concentrated  sulphuric  acid  (end  of  last  section)*.  Concen- 
trated hydrochloric  acid  turns  yellow  from  the  same  cause  when 
any  chlorate  is  added  to  it.  These  actions  are  used  as  twu  for 
chlorates,  and  distinguish  them  from  perchlorates  iq.i:).    With 

*  The  mixture  of  wigar  and  poUuirium  chlomte  (p.  313)  imn  bn  mtI  on  fin 
by  a  drop  of  milphuric  add.  The  Inttrr  UbrratM  chlnric  acid,  whirJi  in  turn 
ipvw  C10>,  and  ihe  Utter,  being  a  violent  oiddiiing  ttgeul,  stortt)  the  oombu»- 
tion  ol  the  sugar. 
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water,  chlorine  dioxide  gives  a  mixture  o(  clilorout  Mid  HCIOt 
and  chloric  acid,  and  with  bases  a  mixtura  of  the  chlorit*  and 
chlorate. 


PercMoratea.  —  When  heat«d,  chlorates  jpve  fwrohloratM. 
Chloratot  also  give  oxygen  at  the  same  time  (p.  27): 

(2KClO,-t2KCl  +  30i, 
I4KC10,^3KCI0*  +  KC1. 

*  These  uctioDH,  like  the  three  dccompusitioDs  of  hypochlorous 
acid  (p.  306),  arc  independent,  and  proceed  simultaneously. 
They  are  oooeartvnt  reMtions  (sec  below).  Tbwr  relative  speed, 
however,  varies  with  the  teni|)eriitiire,  and  the  decomposition  into 
chloride  ami  oxj-pen  may  completely  outrun  the  other  when  a 
cat,ftl>'tJC  oKcnt  like  nianganesie  dioxide  in  added  (p.  29).  When 
pure  pota.'wiiim  chlorate  is  heated  cautJounty,  about  one-fifth  of 
it  has  lost  all  ito  oxygen  by  the  time  the  rest  has  turned  into  per- 
chlorate.  The  mixture  may  be  separated  by  grinding  with  the 
minimum  quantity  of  water  which  will  di^tsolve  the  chloride  it  con- 
tainfl.  The  perchlorate,  fiaving  at  15°  less  than  one-twentieth  of 
the  solubility  of  the  chloride,  will  remain,  tor  the  moat  part,  un- 
dissolved. The  perchloratca  arc  much  more  stable  (p.  93)  than 
the  chlorates,  or  hypochlorite*:  they  are  all  !«oluble  iii  water,  and 
they  are  uMd  in  making  matches  and  fireworks. 

Perchloric  Acid  HCtO^  and  Perchloric  Anhydride  Cl^t.  — ■ 

Pure  perchloric  acid  explodes  when  heated  above  92".  But,  like 
other  UquidB.^ts  boiling-point  is  lower  when  it«  vapor  is  under 
reduced  pre^gure  {ef.  p.  87).  At  56  mm.  pressure  it  IkhIs  at  39°,  a 
temperature  at  which  hardly  any  decomiXMtition  ir  noticeable. 
Hence  the  ivcid  may  be  made  by  mixing  pota.K'uum  peTchlorate 
and  eonecntrated  sulphuric  acid  and  distilling  the  mixture  cau- 
tjoudy  iu  a  vacuum  (p.  222): 

KCio.  +  H^'?o.  ti  KHSO4  4-  Hao«T. 

Perchloric  acid  i«  a  colorless  liquid,  which  decompoeee,  and  often 
explodes  spontaneously,  when  kept.  A  70  per  cent  solution  in 
water  ia  perfectly  stable;  however.  Although  it  is  an  active  oxidi»- 
ing  agent,  it  is  not  so  active  as  chloric  acid,  and  does  not  oxic 
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hydrogen  chloride  in  cold  aqueoiifl  wlutioo.  Hence  a  diup 
hydrochloric  iicid  placed  on  a  crystftl  of  a  perchloratc  givi-s  no 
ycUow  color.  When  the  acid  is  liberaUyl  by  concentrated  »ulphurie 
acid,  it  does  not  at  once  pve  the  yellow  chlorine  dioxide  (p.  314). 
Parchlorio  anhydride  CljOt  may  he  jin^pared  hy  adding  phoeiphoric 
anhydride  to  [HTchloric  acid  in  a  vesae!  imnifiraed  in  a  freezing  niix- 
tiiR>,  PjOs  +  2HCIO*-*2HPOi  +  (.Mh.  Phosphoric  anhydride 
is  oft^ii  used  in  this  way  for  remonng  the  elements  of  watej  from 
compoiimifl.  It  combine-s  with  the  water  to  form  metaphosphorin 
acid  HPOj.  By  gently  warming  the  mixtmw,  the  pcrchlorio 
anhydride  can  be  distilled  off.  It  is  a  colorless  liquid  boiling  at 
82*  (760  mm.)  and  exploding  when  struck  or  too  strongly  heated. 

Relation  of  AnhydriHr  and  Avid  or  Salt.  —  The  derivation 
of  tlie  formula  of  the  anhydride  from  that  of  the  aciil  or  wilt 
elioiiM  rec4^ivc  special  attention.  In  the  mind  of  the  chemist,  the 
one  .-ilwn)'s  instantly  suggests  the  other,  so  oft^.n  does  he  think 
of  them  as  potentially  the  same  substance.  The  beginner,  how- 
ever, finds  tiiis  habit  hard  to  acquire,  and  indeed  is  more  likely  to  ^ 
blunder,  in  trying  to  divide  the  formula  of  an  add  into  the  formula  H 
of  water  and  the  anhydride,  than  m  any  other  calculation  he  makes.  ^ 

The  rule  ts:  If  the  fonnulii  of  the  acid  shon-B  an  even  number 
of  hydrogim  atoms  (HjSO,  or  H4Si0t),  subtract  all  the  eleroenta 
of  water  (IhO  or  2niO),  and  the  balance  is  the  anhydride  (SOj 
or  SiO,).  The  divided  formula-  arw  H,0,SOi  or  2H,0,SiO;.  If 
there  is  iiii  ofld  number  of  hydrogen  atoms  CHCIO(  or  HjPOj) 
double  the  formula  {HjCliOg  or  HePjOOt  and  subtrjict  all  the  de- 
ments of  water  as  before  (CljOj  or  PjOt).  Then  check  the  result, 
by  adding  the  water  again,  aad  dividing  by  two,  correcting  the 
blunder  if  one  has  been  made. 

If  the  substance  is  a  salt  (CuSOi  or  KCIO*!,  subtract  the  oxide 
of  the  metal  (CuO  or  KjO),  taking  care  to  as«<ign  to  the  metal  the 
same  valence  in  the  oxide  as  it  shows  in  the  silt  (SO)  or  CljOt). 

There  are  several  uees  for  this  art  of  ascertaiuiug  the  anhyilride 
corresponding  to  a  g^ven  salt  or  acid.  One  is  in  the  making  of 
equations  (see  p.  325).  Another  is  iji  finding  the  valence  of 
the  non-metal.  Thus,  in  KClOj  the  anhydride  is  CljOr,  and  the 
valence  of  the  chlorine  is  seven.  In  HjPOi  the  anhydride  is  Pid 
and  the  phosphorus  quiDquivaleot.     In  HPOj  (metaphosphoric 
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acid),  thp  anhydride  is  afmiii  PiOj,  and  the  phosphorus  is  therefore 
in  the  same  state  of  oxidatiou  —  both  are  phosphoiic  acids. 

Simultantwu.->,  Itulfpendent  Chemical  CbangeM  in  the 
Same  Substanrrit.  —  Wiioti  two  or  uiort^  reaotiops  gp  on  aimul- 
taneously  in  the  same  iiiaUtrialft,  the  actions  may  be  consecutive 
(p.  289)  or  they  may  be  parallel.  In  the  latter  naae  they  are  called 
concurrent  r«actloiu.  Thus,  hypocLlorous  acid  undergoes  thnx 
different  changes: 

2HC10  -*  HjO  +  CUO. 

3HC10  -*  HCIO,  +  2Ha. 

2HaO  —  2HC1  +  0,. 

Some  molecules  decompose  iato  w-atcr  and  chlorine  monoxide  (p. 
308),  while  others  give  chloric  acid  and  hydrogen  chloride,  and  still 
others  hydrogen  chloride  and  oxygen.  Since  the  eame  moUcule 
cannot  undergo  mort?  than  one  of  these  different  changes,  it  follows 
that  the  actions  are  inde[X;ndcut  of  one  another.  Tliis  is  ahown 
by  the  fact  that  in  simlight  the  third  predominates,  while  in  the 
dark  it  falls  far  behind  the  second.  Since  the  rehtivc  quantities 
of  the  proditctJ)  vary,  the  i«T»nU  ■imultuisotu  Mtions  cannot  be  put 
in  the  tame  equation.  The  fuudiiineiilal  property'  of  an  c(|uation  is 
to  show  the  mmtant  proportions  by  weight  between  c\'ery  pair  of 
substances  in  it.  Hence  three  separate  equations  are  reqnirefl  in 
the  preseitt,  and  in  all  similar  eases  where  all  the  pro[)ortiona  are 
not  constant.  Thus,  again,  in  the  decomposition  of  pot>a.<«sium 
chlorate  by  heatinfi;  (p.  31.^),  it  would  be  misleading  and  wrong  to 
add  the  two  equations  together  and  write,  for  the  whole  action: 

2KCia  --  KCl  +  Kao*  +  (V 

This  equation  would  mean  that  the  proportions  amongst  the  prod- 
ucts were  always  KCl  :  KCi04  ;  0,  or  74.6  :  138.6  ;  32,  whereas, 
in  fact,  the  proportions  varj'  with  the  conditions  —  the  tempera- 
ture used  or  the  presence  of  a  catalj-rt  which  hastens  one  actitm 
but  not  the  other. 

Conaeeutlve  reactions  (p.  289),  however,  like  (1)  followed  by  (2) 
on  pp.  308,  313,  may  be  combined  in  one  equation,  since  in  them 
all  the  proportions  must  necessarily  be  constant.  Theee  equations 
aie  interlocked,  for  (2)  cooaiuues  what  (1)  produces. 
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Oxygen  Acitta  of  Bromine'.  —  No  oxidcK  of  bromine  bsve  1 
made,  but  the  tkoids  HBrO  (hypobroinous  acid)  and  HBrOi  (bromie ' 
acid)  and  their  nait/i  urc  familiar. 

By  the  acMtm  of  bromine  on  dilute,  cold  potassium  hydroxide 
8olutioQ>  potMrium  bromid*  and  bypobromit*  arc  formod: 

Br,  +  2K0H  -»  KBr  +  KBiO  +  H,0. 

When  the  mlutiuii  U  heated,  the  hypobromite  tums  into  ] 
bronut«  nnd  broiiiide.    The  actions  are  exact  paraOeb  of  the  < 
responding  ones  for  chlorine  (pp.  309,  3l3). 

Aqueous  brondo  wdd  HBrOg  iimy  be  made  in  the  same  way 
chloric  acid  (p.  314),  or  by  the  action  of  chlorine-wnter  on  bromiiMJ 

5HaO  +  H^  +  Br,  -*  2HBrQ,  +  5HCI. 

The  solution  ia  colorless  and  has  powerful  oxidixing  propcrtie 
Thus,  it  converts  iodine  into  iodic  acid :  2HBrOi  +  Ii  — 'SHlOt  +  Br^. 
It  appears,  therefore,  tJiat  iodine  has  more  affinity  for  oxygen  than 
has  bromine. 


Tht!  Oxide  and  Oxygen  Acids  of  Iodine.  —  The  following  i 
the  familiar  acids  and  their  corresponding  salts: 


H10»  Iodic  acid, 
[HIO4  Periodic  acid], 
HtlOt  Periodic  acid. 


KIOs  PotasMum  iodatv, 
NdlOi  Sotlium  |XTiod)itc, 
NoiHJOt  Disodiuin  poriudatc 


There  is  one  oxide,  iodic  anhydride  IiO,. 

Bodtum  lodate  NalOj  ia  found  in  Chile  saltpeter.  It  may 
be  made,  in  much  the  same  fashion  as  are  the  chlorates  and 
bromates  (pp.  313,  318),  by  adding  powdered  iodine  to  a  hot  solu- 
tion of  potassium  or  sodium  hydroxide.  It  ifl  disodium  periodato 
Na»HjIOs,  however,  which,  lieing  least  soluble,  crystallijKw  out. 

Iodic  Add  HIOj  18  formed  by  pas^g  chlorine  through  iodine 
suspended  in  water.  The  action  is  paraUel  to  that  of  chlorine  on 
bromine-water; 


5Hao  +  H,o  + 1,  -*  2HiOi  +  ma. 


A  still  better  way  is  to  boil  iodine  with  aqueous  nitric  add  (9.i>.)i 
The  latter  gjvcs  up  oxygen  readily,  and  is  here  used  solely  on  this 
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account.  Hcncv,  it  may  b<>  uiiiittcd  from  the  equation,  oiily  the 
oxygen,  of  which  it  ie  the  source,  Api^cftriiig: 

I»  +  HjO  +  50  — 2HI0,. 

In  both  these  actions  the  initial  oubHtancefl  (tnctutting  the  excetn  of 
nitric  acid)  and  the  producta,  with  the  exception  of  the  iodic  acid 
itself,  are  all  volatile.  When  the  solution  i»  concentrated  by  evap- 
oration, therefore,  only  the  iodic  acid  crj'stallizefl.  It  is  a  white 
solid,  perfectly  stable  at  ordinary  temperatures,  and  can  be  kept 
indefinitely.  At  170"  it  befdnR  to  Rive  off  water  vapor  (2HK}i  ^ 
II3O  +  li<>i),  leaving  iodic  anhydrid*.  The  latter  ip  a  white 
crystalline  powder  which  may  be  raised  to  300°  before  it,  in  turn, 
breaks  up,  ^ving  iodine  and  oxj'gen. 

Chemical  Kelutiotta.  —  The  compounds  of  the  halogens  with 
metals  and  with  hydrogen  diminish  in  stability,  with  ascending 
atomic  weight  of  the  halogen,  in  the  order:  F  (19),  CI  {35.5),  Br  (80), 
I  (127).  Ka<^h  Imlogen  will  displace  those  following  it  from  this 
kind  of  combination.  In  the  cii»c  of  the  oxygen  compounds,  the 
order  of  stability  is  just  the  reverse,  those  of  iodine,  for  example, 
being  the  only  ones  which  are  rensonably  stable. 

Amongst  the  oxygen  acids  of  any  one  halogen,  those  eontcunii^ 
most  oxygea  are  most  stable.  The  salts  are  in  all  cases  more  stable 
by  far  than  the  corresponding  acids. 

The  halogen.<>  when  combined  with  metals  and  hydrogen  arc 
univalent  (HI,  KC1,  etc.)-  It  is  clear,  however,  that,  when  united 
with  oxygen,  their  valence  is  higher.  The  maximum  is  shown  in 
perchloric  anhydride  (C'lt<>:),  where  chlorine  appears  to  be  aepti* 
valent. 

The  formulie  of  the  acids  might  be  written  so  as  to  retain  the 
univalence: 

H-a,  H-O-Cl,  H-O-O-Cl,  H-0-O-O-a, 
H-0-O-O-O-CL 

But  compounds  in  which  we  are  compelled  to  believe  that  two  oxj-- 
gen  units  are  united  are  usually  unstable  (e^.,  hydrogen  peroxide, 
H-0— 0-H),  and  we  should  expect  the  instability  would  be 
greater  with  three  and  with  four  units  of  oxj'gen  in  combination. 
Here,  however,  the  revcrec  stittc  of  oflaiis  mast  be  taken  account 
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of  in  our  formuls,  for  IIC'IO*  is  the  most  stable  of  the  chlorine  set. 
This  reasoning,  together  Hith  the  septivalence  in  t-IjO;,  leads  us 
to  assume  the  valence  seven  in  perchloric  acid  (see  Periodic  s>'Btem) 
The  structural  formula  (ef.  p.  292)  of  some  of  these  substances  are 
therefore  written  as  follon-s: 

0  O 

n  II 

H-a,    H-O-Cl,    H-0-a=0,    Nft-0-I  =  0. 

n  R 

o  o 


Oxidation  and  Rjiduction 

Aridation   hy   Oxygen.  —  The  simplest  oxidations  are  the 
cases  where  a  metal  or  non-metal  uniiea  m^  oxygen: 
2Cu  +  0»-»2CuO,        8  +  0i-*S0,. 
Union  of  a  compound  with  additional  oxygen  i»  oxidation  aleo. 
2S0»  +  0,  -» 2S0fc        3KCI0  —  2Ka  -f  KCIO,. 

The  removal  of  hydrogen  from  hydrogen  chloride  (proparation  of 
chlwine,  p.  156),  is  also  defined  as  oxidation. 
0,-|-4HCl-.2H,0-|-2Cl,. 
2KMnO«  +  16HCI  -» 8H,0  +  2KC1  +  2MnClj  +  SCI,. 

Every  oxidation  is  acxompanic4  by  r&iuctimi  of  the  oxiditing  anent. 
Thus,  in  the  second  last  «qufttion,  the  free  oxygen  is  reduced  to 
water.  Again,  in  the  third  last  oriuation,  2KC10  is  reduced  to 
2KC1,  while  IKCIO  becomes  KCIOi  by  oxidation. 

In  the  laboratory,  we  frequently  diaeovpj-  that  an  oxidation  has 
occurred  by  notiring  the  presence  of  a  product  of  reduction. 
Thus,  when  we  heat  carbon  with  sulphuric  acid:  2II1SO4  +  C— * 
COi  +  2HjO  +  2SC),,  we  do  not  notice  the  product  of  oxidation, 
COi,  because  it  is  odorless  and  colorless,  but  we  perceive  at  once 
the  odor  of  the  sulphur  dioxide,  and  realize  that  the  sulphuric  acid 
must  have  oxidiued  some  substance,  or  this  gas  would  not  have 
becj)  formed  at  the  temperature  employed. 

Note  that  the  removal  of  the  elements  of  water  is  neiiker  oxida- 
tion iwr  reduction,  for  equivalent  amounts  of  both  oxygen  and 
hydrogen  are  removed: 

2HaO  -  H,0  +  ClsO,        H,CX)i  -»  H,0  +  CO.. 
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In  the  cases  discusted  above,  oxidation  oODsiTts  always  in  adding 
oxygen  or  removing  hydroguu. 

Oxidation  by  Other  .\egativr  Elfmrnts.  —  OxyRCTi  is  only 
one  of  the  class  of  elements  callod  non-fnetaliic  or  negative  ele- 
ments, ao  we  cannot  logically  restrict  the  terra  "oxidation"  to 
actions  involving  oxj-gen.  Thus,  forming  a  chloride,  or  increasbg 
the  proportion  of  chlorine  in  a  compound  is  oxidation: 
Cu  +  Clj  -» CuCIj,        2Fef:i,  +  (%  —  2Fea,. 

In  every  compound,  one  of  the  elements  is  relatively  positive 
and  the  other  relatively  negative.  Thus,  copper  is  positive  and 
chlorine  negative.  In  carbon  dioxide  CO,,  carbon  i«  (rdativdy) 
positive  and  oxygen  negative,  and  in  calcium  carbide  CaCj,  cal- 
cium is  positive  and  carbon  (relatively)  negative. 

T]iu»,  oxidation  is  introdudnc,  or  lner«uliic  th«  proportion  of  th* 
nagratlve  •lemenC,  or  ramorlng,  or  r«ducinf  th*  proportion  of  tb* 
positive  el»m«nt.     Ueducliou  in  the  ooDverse. 

Oxidation  and  l'o/pnc«.  —  Combining  a  metal  with  atfgaa 
or  3ul|)hur  raises  the  active  vaU^nce  of  the  metal  from  isero  to  tome 
finite  value:  2Cu'' +  Oj" -.  ZCu^O".  Metallic  copper  has  no 
valenev  in  vse.  In  CuO  or  CuClj  it  has  gained  the  \'alcnce  IT. 
The  copper  has  been  oxidiied.  Similarly,  ohnu^ng  FeClt  into 
FeClj  inoi'eases  the  active  valence  of  the  iron  from  11  to  III  (oxidA* 
tion).  ('onvprsely,  chan^ng  2HCI  to  Clj  decrea9e«  the  active 
valence  of  chlorine  from  [  (o  z^ro  (oxidation).  In  the  ^amc 
equation  (p.  320),  KMn  in  KMnO,  must  have  a  total  valence  of 
VIII,  but  in  the  products  KCI  +  MnClj  the  total  valence  has 
decreased  to  III  (reduction). 

Again,  in  displacement,  e.g.,  Zn  +  2HC1  — •  ZnCU  +  Hj,  the 
rinc  is  oxidized  because  the  active  valence  goes  from  zero  to  II, 
and  the  hydrogen  is  reduced. 

Hence,  oxidation  consists  in  tner«aslBc  tlw  *«tiT«  vtXtatt  of  a 
positive  element  or  decreasing  that  of  a  negatlTe  element.  Keduc- 
tion  is  the  converse. 

This  way  of  stating  the  rule  makefi  it  clear  why  removing  the 
elements  of  water  in  neither  oxidation  nor  reduction.  We  are 
removing  both  a  positive  and  a  negative  element,  and  are  removing 
them  in  equi-vt^ent  amounts,  2H'  +  0"- 
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Oxidation  and  lonixation.  ^  U,  in  the  Ia£t  illustration,  we 
write  the  equation  ionically:  Zn  +  2H*  -*  Zn**  +  Hi,  we  dis- 
cover that,  logically,  we  must  consider  the  change  from  metallic 
zinc  to  zinc-ion  to  be  in  itself  oxidAtion.  This  is  the  case  whethe}* 
the  zinc-ion  later  combines  with  a  negative  ion  to  form  a  molecule 
or  not'.  Mere  union  or  disunion  of  ions  is  neither  oxidation  nor 
reducUon.  Conversely,  the  discharge  of  the  211*  giving  Hi  ia 
reduction. 

ThUH,  Ionization  of  an  ftlemeatarr  substance  to  form  a  posltlw 
ioD  is  oxidation,  and  ionization  to  form  a  noKatlve  ion  Is  r«ductioii, 
and  couverwiy. 

Oxidation  and  Electrons. —  Tncreaamg  the  I'slence  of  an 
atom  of  a  p<]»itivc  element  (oxidation)  consists  in  removing  one  or 
more  elfictrons;  Na"  -  t  =  Na+  (p.  235).  Increasing  the  valence 
of  au  atom  of  a  negative  element  (reduction)  means  addmg  one  or 
more  electrons:  CI"  +  «  — •  Cl~. 

Hence,  oxidation  Ib  remoring  electrons  and  reduction  h  addlns 
•UetTona. 

Making  Equationafor  Oxidations  and  Reductions.  —  The 

writing  of  i'quatiuiii<  for  Hclions  involving  oxidfiliiiii  and  reduction, 
Mikere  tlure  arc  more  iknn  Iwo  substartces  on  out  si(h  o/  the  equation, 
is  (UfBcult,  and  a  system  or  pUiii  i»  of  great  value.  The  plan  of 
partial  equations  (p.  194)  is  often  helpful.  There  are  three  other 
systems  which  are  in  use.  (1)  lMi*n  the  action  involves  oxj'gcn 
acids  and  their  t»dt»,  the  foruiulic  can  be  rewritten  bo  as  to  show 
tbAanhydrid*  (mm:  below).  (2)  The  second,  called  the  s>'K4«m  of 
pOtitive  and  nsgrativB  valencu,  is  more  generally  appHcnble  (next 
section).  (3)  The  third  dLi^cnbes  oxidation  in  torms  of  Ion*  and 
positive  electrical  chorgM  (p.  325), 

Making  Etjualiona:  Vsing  Postlir-e  and  Negative  Va- 
tene^a  (p.  276).  —  1.  Each  compound  \s  compo^-d  of  eUmentt 
which  arc,  relatively  to  one  another,  eitha-  jyositive  or  negattm. 
Thus,  in  KMnO<,  K  and  Mn  arc  positive  and  O  ia  negative.  In 
CS»,  C  18  (relatively)  positive  and  S  negative  (see  p.  277).  We 
Bay,  then,  thut  C  has  a  positive  valence  of  four  (+4)  and  S  has  ft 
negative  valence  of  two  (-2),  just  as  il  ha*  in  H(8. 
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2.  In  ea^  eompounii,  the  algebraic  sum  of  the  poaitM  and  negative 
m^encei  must  be  zero.  Thus,  in  CSj  the  siuu  i«  +  4  —  2x2  =  0 
(CtiSt=).  Tliu  is  simply  thu  rule  of  fqui-valcacc  (p.  62),  with  the 
addition  of  the  idea  of  relative  positivGai-sK  aud  uc^tiveucss. 

Thi.f  <.'ii»bt<.-4  U!<  to  detenninv  tho  rklence  of  each  «l«m«&t  in  s 
oompoimd  Uk«  KMuO|.  K^  ih  ulwuys  univulciit  uiid  pusitivc.  O^, 
in  iiiuTKUDJc  compounds,  is  always  bivalent  and  negative.  The 
valence  of  Mn  has  different  values:  Mn"Cl,,  Mni("'0,,  Mn"Oi, 
Mnj""©:,  etc.  By  the  rule  (siun  of  valences  equuJit  aero)  we  can 
tdl  the  vaJcncc  of  Mn  in  this  compound.  The  valence  of  0< 
(40=)  is  -8.  That  of  K  is  +1.  That  of  Mn  must  therefore  be 
+7  (KMn+'wO,).'  Agwn,  in  HCIO,,  the  valence  of  O,  is  -6, 
that  of  H  is  -f  1,  therefore  that  of  CI  must  be  +5.  Still  again,  in 
KiCr^j,  the  valence  of  O,  is  - 14,  that  of  Kj  is  +2,  iliat  of  Cr» 
is  therefore  +12,  and  that  of  Gr  necessarily  +6  (K,Cr,+"OT). 

3.  ^ice  rule  2  applies  to  everj-  compound  uwd  or  produced  in 
a  chemical  change,  it  foUotvs  that  when  in  a  reaction  Ike  t'olena'  of 
an  element  changeji  in  value,  that  of  one  or  more  of  llie  other  d^mfnU 
must  alto  change,  so  as  to  maintain  the  equality  of  +  and  —  valences. 
Thus,  if  one  element  loses  in  valence,  to  the  extent  of  +6,  some 
other  element  (or  elements)  must  Um--  —6,  op  gain  +6.  Tlie  gain 
(or  loss)  of  one  element  must  cancel  the  gain  (or  losi*)  of  some  other 
element. 

4.  The  mlencr.  of  a  free  element,  that  is,  its  active  valence,  is 
uro.  A  frw  elenieiit  is  also  neutral  —  neither  positive  nor  nega- 
tive—  because  it  is  not  combined  with  any  other  element. 

lUuMratitin  of  rules  3  and  4.  Thus,  in  the  action  for  preparing 
chlorine  with  manganese  dioxide  (p.  158): 

MnO,  +  4HC1  -.  Mna,  +  2H^  +  CU, 

4n  (411*)  has  the  valence  +4  on  both  sides.  On  the  left  ride, 
4C1  (4C1~)  has  the  valence  —4;  on  the  right,  2C1  has  tiie  valenra 
—2,  and  Cli  has  the  valence  0.  So  far  as  chlorine  is  concerned, 
there  is  a  change  from  —4  to  —2,  or  a  difference  of  —2,  Again, 
on  the  riglit,  Afn  has  the  valence  +2,  while  on  the  left  side 
it  has  the  valence  -+-4,  a  difference  of  +2.  The  two  differences, 
—2  and  +2,  cancel  one  anotlior.     Stated  otherwise,  manganese 

*  The  mdcr  xhould  wrilr  iJua,  aad  other  formule  diMnuwod  bdow,  ao  oa  to 
ahow  tlic  rolencw  th\u:  K*-MntU*Ot-  tqf.  p.  276). 
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lost  +2  and  chlorine  lost  —2,  so  that  the  other  +  and  —  valences 
»tUi  in  uae  remained  equal  in  number,  and  equi-valence 
preaerv'ed. 

Balancing  an  Equation.  Suppose  we  wish  to  balance  the  equa- 
tion for  the  decomposition  of  chloric  acid  HClOj.  We  asci-rtain, 
ill  the  laboratory,  that  the  products  are  perchloric  acid  HC10«, 
chlorine  dioxide  ClOt,  and  water. 


Does  H 
was  H 

1U&-  H 
ain.    " 


Skekttm: 


HCIO.  -♦  HClOi  +  CIO,  +  H.O. 


Since  H+  and  0=  do  not  change  in  valence,  only  CI  has  Ijeen 
affected.  On  the  left  side,  the  valcncejt  an'  Oj  =  —  6,  H  =  + 1 ,  Cn 
therefore  =  +5.*  On  the  right  side,  iu  HCIO*,  the  total  valence 
of  oxygen  is  —  Siind  of  hydrogen  +1.  That  of  CI  is  therefore 
+7.  In  ClOi,  the  valence  of  Oj  \6  —4,  and  that  of  CI  there- 
fore +4.  Thus,  CI  changcx,  from  +5,  piirtly  to  +7  and  partly  to 
+  4.  To  iichievc  this,  arithmetically,  we  require  301  on  the  left 
(=  3  X  +5  =  +15),  givinR  CI  =  +7  and  2C1  =  2  X  +4  =  +8, 
or  a  total  of  +  15  ou  the  right.    Thus,  we  require  3HCI0,: 

Bahneed:  mClO,  =  HCIO4  +  2aO,  +  H,0. 


I 
I 


BaJanciTtg  Another  Equation.  In  the  reaction  for  preparing 
chlorine  (p.  167),  the  skeleton  is: 

SkeUtm:    KMnO^  +  HCl  -» H»0  +  KQ  +  MnClj  +  U. 

Here,  in  KMnO,,  the  valence  of  Mn  is  +7.  In  MnCk  it  is  4-2^ 
u  loss  of  +5.  The  chlorine  also  changes  its  valence  from  —  1  to  0, 
a  loss  of  ~  1.  Evidently,  so  that  tiie  changes  may  cancel  out,  for 
every  Mn  losing  +5,  SCI  must  lose  5  X  —1  and  be  lilwrated: 

Incmipkte:      KMnO,  +  HCI  -»  H.0  +  KCI  +  MnCl,  +  SO. 

Since  there  is  now,  altogether,  8C1  on  the  right,  8HC1  wfll  be  re- 
quired on  the  left.     The  8H  will  give  4H3O: 

Batatuxd:       KMuO*  +  8HC1  -*  4H,0  +  Ka  +  MnCl,  +  SCI. 
Molecular:  2KMnO,  +  lOHCI  —SHjO  +  2KC1  +  2MnCl|  +  6C1|. 

For  another  method  of  balancing  this  equation,  see  p.  157- 

•  Write  thwe  (wjd  other  fonniiln;)  itiuar  H  +  Cltt*0»"  W  P-  278). 
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Making  Eqitationa,  by  Using  the  Anhydrides.  — Tobaluicu 
tho  i^quntiou  fur  the  dticonipcNutioD  of  chloric  acid,  wc  fint  write 
the  skelvton  equation: 

SkeUimi:  HCIO,  -♦  HCIO.  +  CIO,  +  HtO. 

Tbcu  wc  divide  the  acids  into  water  and  the  anhydridus  (p.  316). 
Analysed:        H,0,CljO,  -♦  H^,CIiO,  +  CIO,  +  H^. 

We  now  perceive  tlmt,  disregarding  the  water,  some  CIiOj  must 
hm  oxygi-n  to  give  2CiOj  +  O,  and  that  some  CI,Oi  ninat  gain  20, 
becoming  CiiO;.  To  furnish  thti  20,  clearly  2CliO»  is  K-quircd, 
giving  4CiO,  +  20,  and  a  third  C!,0»  gains  this  20.  Thus,  idto- 
gethttr  SCljOt  will  be  required: 

Balanced:        SHjO.CljOi  —  HACI,Ot  +  4C10,  +  2H,0 

or  6HC10,  -.  2HCia  +  4CI0,  +  2H.0. 

This  equation  m  tbon  divided  by  two  tbixnigbout. 

Making  Equations  b^-  Oxidation  of  Ions,  Vsing  Positive 
Electriral  Charges.  —  All  oxidation  reacliijiis  iiivoU'iHf:  ioiiugt^ns 
can  be  written  in  t^-mis  of  ions.  Thus,  the  oxidation  of  hydro- 
chloric acid  by  potasraum  permanganate  can  be  90  ivrittcn.  The 
potaauuni-ion  clearly  is  not  affected,  and  may  be  omitted.  The 
ions  ooncerned  are: 

MnO,-  4-  H+  +  a-  -»  HjO  +  Mn++  +  O". 

CP  with  no  charge  stands  for  free  ctilorinc.  Now  wc  can  divide 
the  action  into  (I)  the  behavior  of  the  oxidiniug  agent,  which 
18  general,  and  will  bo  used  wherever  the  same  oxidizing  agent  is 
used;  (2)  the  fate  of  the  substance  being  oiddized,  which  again  is 
general,  because  other  oxidizing  agents  will  change  it  in  the  same 
way. 


MnO,'  +  8H+  -•  4Ha0  +  Mn++  +  5®. 


(1) 


In  words,  each  pcrraunganatc  ion,  with  a  free  acid  present  (oxi- 
dizing mixture),  will  give  water,  manganous-ion,  and  a  balance 
of  five  unit  positive  charges. 

5©  4-5CI--.5CI'.  (2) 

10®  +  50,=  -.  5H,0  +  50*,.  (2") 

10®  +  580,=  +  5H/J  —  5.S0,=  +  10H+  (2^ 


i 
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Thnce  three  equations  represent  the  oxidation  of  (2)  hydrochloric 
ttcid,  or  (2')  hydrogi^n  peroxido,  giving  frw  oxygen,  or  (2")  sul- 
phurous acid,  n'ith  wiitvr  funii»liiiig  the  oxygeu,  and  leaving  the 
sulutiun  strongly  ucid  {=  5HiS0«).  Note  that  the  sums  of  the  + 
and  —  chargi-B  on  oppotutti  side*  of  civeli  equntion  are  equal. 
To  obtain  thu  Gnal  ionio  equation,  ndd  (1)  and  (2): 


MnOr  +  8H+ 
5e  +  5CI- 


MnOi^  +  SH-^  +  5Cr 


.4H,0  +  Mn^  +  5®.         (1) 

>  SCI".  (2) 

►  4H,0+Mn^-*  +  5CI«'. 


Before  adding  (1)  and  (2")  and  (I)  and  (2").  the  first  equation  (1) 
must  be  doubled  throughout,  so  that  the  10©  may  cani^el  out. 

Kxerciaea.  —  1.  Assign  to  its  proper  class  (pp.  166,  258)  each 
of  the  actions  mentioned  in  this  chapter. 

2.  Knowing  that  pol-a.s.siiini  fluonlicate  KiSiFg  is  insoluble, 
how  .ihould  you  make  cliloric  acid  (p.  314J? 

3.  Make  the  equation  for  the  interaction  of  chlorine  with 
calcium  hydroxide  in  hot  water  (p.  313),  How  should  you  make 
zinc  phWate  from  sine  hydroxiile  iIn(t)U)i? 

4.  How  should  you  make  pure  potassium  hypochlorite  from 
hypochlorous  acid  (p.  2M)? 

5.  Explain,  in  terms  of  ionic  equilibrium,  why  dilute  hj-po- 
chlorous  aciti  can  Iw  obtained  by  adding  one-half  of  an  pquivalent 
of  an  active  acid  (p.  309)  to  bleaching  powder,  ajj<l  distilling  the 
mixture. 

6.  On  what  circumstances  would  the  possibility  of  making 
barium  chlorate  by  actit)n  of  chlorine  on  barium  hydroxide  depend 
(p.  313)?  Could  pure  barium  chlorate  be  obtained  easily  hy  this 
means  (see  Tabic  of  Solubilities)? 

7.  Make  the  equations  for:  (a)  the  preparation  of  potassium 
bromate;  (6)  pure  aqueous  bromic  acid;  (e)  the  interaction  of 
iodine  witrh  aqueous  potassium  hydroxide  in  the  cold,  and  (d) 
when  heated. 

8.  Make  the  equations  for  the  interactions  of  chlorine  diaxide 
with  water,  and  with  aqueous  potiuuuum  hydroxide. 

9. 1  Find  the  formulie  uf  the  anhydrides  of  the  following  acide: 

HPO.,    Ha9eO«,    H.A80,,    H.A8O4,    H|S0». 
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10.  Fiud  the  formulic  uf  th«  luibj'diidcs  of  the  acids  from  llie 
foUowiog  foriDulm  of  mils: 

NitoSiO,,    NaJIPOi,   NaHJ'O*,   Nti«HUO». 

11.  Clasaify  the  following  clmn^.i  a.'<  oxidation!*  or  reductions. 
{a)H,(:rj()j-.H^:rO, +  CrO,;  (t)  HMnOi-^MnO,;  (c)r~*r 
(d)  2HiO,-*2HiO+0,. 

12.  Using  positive  and  negative  valcnres,  dpt«rmine  whether 
each  of  the  fnllowing  formuUe  is  correct  or  incorrect:  CaCMnOJt, 
AlCaO,),,  NajHlO*. 

13.  Apply  each  of  Uie  three  mothods  (pp.322,  325)  of  writing 
equations  to  tlie  four  following  reactiono:  (a)  chlorine-water  on 
bromine;  (b)  chlorine-water  on  hydrogen  sulphide,  p\"ing  free 
sulphur;  (c)  pota.ssiunn  permangauiite  and  free  acid  on  hydrogen 
sulphide,  giving  free  rtiilphur;  (<f)  potaesiuin  dichromnte  and  free 
acid  (p.  224)  on  hyiirogt-n  ttulphidc,  giving  the  chromic  salt  of  the 
acid  (Or*"}  and  free  sulphur. 


CHAPTER  XXrV 


THE  ATHOSPHE&I.    THE  HEUUH  PABOLT 

The  pressure  which  ia  exerted  by  tite  air  upon  each  square  centi- 
meter of  the  earth's  surface  h  1033.6  g.,  or  a  little  o\'c;r  one  kilo- 
gram.    This  is  nearly  fifteen  poundt  to  the  Kjuaro  inch. 

There  are  three  classee  of  eomponenta  in  the  air.  Thow  of  the 
flrtt  class,  oxygen,  nitrogen,  and  the  inert  gases  of  the  helium 
family,  are  present  in  almost  constaat  quantltle*.  Those  of  the 
Becond  class  are  very  miabU  in  quaotl^,  and  include  carbon 
dioxide,  water  vapor,  and  dust.  Tho6e  of  the  third  claa,  such  an 
the  sulphur  dioxide  in  city  air,  are  McJdental. 

Components  uhtch  are  Constant  in  Amount,  —  In  tbe 

determination  of  the  oz7f«ii  in  air,  phosphorus  enclosed  ia  iron 
gauze  (Fig.  90),  may  be  used.  The  ox>'gen  com- 
bines to  fonn  several  ox>-gen  adds  of  phosphorus. 
The  volume  of  gas  is  read  off  before  the  phospbonie  is 
introduced,  and  after  it  has  been  withdrawn. 

In  the  air  taken  from  mines,  from  mountain  tope, 
from  the  surface  of  the  sea,  and  from  inland  regions, 
the  percentages  of  oxygen  by  volume  are  found  to  be 
very  constant  (20.9  to  21.0). 

When  air,  from  which  the  ox>'gen  has  been  re- 
moved by  phosphorus,  or  by  passage  over  heated 
copper  or  iron,  is  led  slowly  through  a  heated  tube 
containing  magnesium,  the  nltroren  unites  with  the 
metal  to  form  the  solid  ma^eaium  nitride  MgiXi, 
and  only  about  10  c.c.  out  of  every  lit«r  remains 
uncombined.     This  residuum  is  arson,  mixed  with 

0.15  per  cent  of  ite  volume  of  other  gases  belongmg  to  tbe  helium 

family. 

Th«  Cnrhon  Dtoxide.  —  Pure  country  air  contains  about  3  " 
parts  in  10,000  of  carbon  dloxid«  COn.     In  city  air  there  are  £rom  6 
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to  7  parta  in  the  tmme  volume,  while  in  the  air  of  audicnccvrooms 
the  proportion  may  ri»c  as  high  as  50  ports. 

The  sourou  of  the  carbon  dioxide  in  the  air  are  numerous.  It 
comes  from  the  decay  of  vc^tablu  and  aninial  matter,  in  which, 
chiefly  through  the  influc-ncc  of  tiuuutc  vegctfible  organismH,  the 
carbon  i»  oxidized  to  carbon  dioxide.  It  is  formed  also  by  the  com- 
bustion of  coal  and  wood,  but  the  thirteen  hundred  million  tons 
of  coal  burned  armuully,  giving  three  times  that  weight  of  carbon 
dioxi<le,  would  add  only  one-six  hundredth  to  the  totid  present  in 
the  liir.  It  is  exhaled  by  animalit,  being  produced  in  the  body  by 
oxidatioQ  of  the  carbon  in  the  food  which  the>'  cat.  It  also  issues 
from  the  earth,  in  voleanie  as  well  as  in  other  neighborhoods.  The 
proportion  of  thii<  gas  in  the  air  would  naturally  increase  eontinu- 
ouflly,  though  slowly,  as  the  result  of  the«e  processes,  were  it  not 
that  it  is  removed  just  as  continuou^y  by  the  action  of  growing 
plants  (see  p.  387),  which  use  it  as  food.  It  may  be  added,  also, 
that  carbon  dioxide,  l»-ing  »  soluble  gas,  is  contained  in  sea  water 
(dissolved  and  as  Cu(UC0a)3),  and  the  total  amount  in  the  ocean 
is  much  greater  than  that  in  the  air.  The  removal  by  plants  and 
by  sea  water  thus  keeps  the  proiwrtion  in  the  air  fairly  constant. 

The  presence  of  carbon  dioxide  in  the  breath  may  be  shown 
very  quickly  by  blowing  through  a  tube  into  calcium  h>'droxtdc 
solution  (liiiio^'Ater).  Calcium  carbonate  CaCOi  is  precipitated. 
We  draw  about  500  c.c.  of  air  into  our  lungs  at  each  breath,  or 
half  a  cubic  meter  per  hour.  In  the  lungs,  some  oxygen  is  ro- 
moved,  the  percentage  by  volume  falling  from  21  to  16,  and  we 
add  some  eorboii  <lioxide,  the  proportion  increjuring  from  0.08  in 
country  air  to  about  4  per  cent.  A  candle  6&me  is  extinguished 
by  exhaled  air,  Ijocause  the  maintenance  of  Buch  a  flame  requires 
at  least  18.5  per  cent  of  oxygen.  But  air  will  suDtain  life  until  the 
proportion  has  fallen  to  about  10  per  cent. 

To  determine  the  proportion  of  carbon  dioxide,a  measured  volume 
of  air  is  bubbled  slowly  through  a  measured  volume  of  a  solution 
of  barium  hydroxide  of  known  concentration.  Barium  carbonate  is 
precipitated:  Ba(OH),  + CO,-»BaCO,|  +  HA  and  the  quantity 
of  barium  hydroxide  remaining  is  determined  by  titration  (p.  256). 


The  Wat^r  Vapor.  —  The  proportion  of  water  vapor  i«  con- 
stantly cfaanfpng.    Wl)cn  the  air  becomes  cool,  as  it  doeemost  oft«Q 
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in  the  uppor  layers,  the  vapor  condenses  to  droplets,  forming  fogs 
and  clouds.  When  ttie  condensation  continues,  the  drops  l>e- 
corae  larger  and  fall  a«  rain.  On  the  other  hand,  when  the  weather 
is  warm,  water  from  the  soil,  and  from  rivers,  lakes,  and  oceans, 
passes  into  vapor  and  the  amount  in  the  air  increa^MM;. 


Humidity.  —  The  moisture  in  the  tur  ix  usually  defined  in 
terms  of  the  reliilive  humidity,  the  standard  l»ntig  the  quiintity 
recjuired  to  siiturutu  llio  air.  The  opcu  lur  is  never  Jielually 
saturatetl,  but,  when  a  portion  is  confinod  in  a  vessel  over  water, 
il  soon  lK:romes  «o.  The  liimiidity  is  then  100  j»er  cent.  If  the 
ptirtini  pressure  of  water  vapor  prwicnt  is  onlj-  half  a.s  great  as  the 
vapor  pressure  of  water  at  the  same  temperature,  the  humidity  is 
50  per  cent.     Tiie  average  !iumi<lity  is  roiiRhly  about  66  per  cent. 

At  18*  (64.4°  F,),  the  va|«>r  pressure  of  water  is  l.'i.4  mm.  Tluia 
air  saturated  with  moisture  at  18"  (100  per  cent  humidity)  woiihl 
contain  15.4/700,  or  about  2  per  cent  l)y  volume  of  water  vapor. 
If  this  air  were  cooled  to  0*  (32°  F.),  a  temperature  at  which  the 
vapor  pressure  of  water  is  only  4.6  mm.,  the  air  coultl  retain  only 
4.G.  7(!0,  or  0.6  per  cent,  of  inoistuR'.  The  difference,  amounlinK 
to  10.4  g.  (10.4  C.C.)  of  water  per  cubic  meter,  would  condense  as  | 
fog  or  rain. 

The  proportion  of  water  in  a  ^^cn  volume  of  air  may  be  meas- 
ured most  accurately  by  permitting  the  air  to  stream  slowly 
through  tulx'S  filled  with  ciilcium  cldoride  or  phosphoric  anhydride. 
The  incr(^>asc  in  weight  of  the  ehurgcd  tubi-s  reprcjseuts  the  quantity 
of  moiaturc  abstracted  from  the  sample.  It  may  also  be  ascer- 
tftincd  by  noting  the  temiwrature  to  which  air  has  to  be  cooled 
before  it  becomea  saturated  and  deposits  dew  (dew-point).  For 
example,  if  air  at  18°  has  to  be  cooled  to  11°  l)efore  it  lieixisitw  dew, 
jt  contains  water  vapor  at  a  pressure  of  9.8  mm.  (Ap[Kui<lix  IV). 
If  .'(fttiirated  at  18°.  it  would  have  contained  water  vapor  at  a 
partial  pressure  of  1.5.4  mm.  The  relative  humidity  was,  there- 
fore, fl.8/I-"i.4,  or  G3.6  per  cent. 

Ventilation.  —  On  a  moist  day,  we  speak  of  the  atmosphere 
as  "heavy"  or  "oppressive."  The  barometer,  however,  is  lower 
on  such  days,  and  the  pressure  below  the  averaRe,  Moist  air 
must  be  lifter  than  dry  air,  because  in  moist  air  molecules  of 
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rclativii  w(?ight  18  (HjO)  have  boen  siihstituted  for  an  <>qiiat  niini- 
l»er  of  iiiolofuU«  of  oxyjsi'n  and  tiitroRpn  with  the  rrliitivc  weiRlits 
32  and  28-     The  discomfort,  is  due  to  a  differ^iit  cauae. 

The  oxidiition  of  di^^ested  food  narrird  by  the  blood  id  accom- 
p»nit>d  by  litwrution  of  heat,  yet  our  bodies  must  remain  at  98.6°  F. 
(37*  C)-  A  rise  of  a  few  tenths  of  a  deRTpe  produces  <iiscoiiifort. 
A  little  of  the  heat  is  lost  by  radiation  from  the  aurfarc  of  the  l)o<ly 
but  the  real  adjustment  is  secured  by  evaporation  of  water  throu^ 
the  skin.  The  vaporization  of  1  g.  of  water  (at  100°)  removes  heat 
amounlinR  to  ri4()  calories  (603  cal.  at  37°  C).  Evaporation  of  a 
single  ounce  (28iS  g.)  of  water  will  therefore  lower  the  temperature 
of  96.5  kilograms  (16S  lbs.)  of  water  (or  flesh,  which  is  largely 
water)  by  more  than  two-tenths  of  a  degree  C.  (nearly  0.4°  F.). 

The  "  oppresdvp "  feeling,  then,  is  due  to  the  fart  that  the  air 
is  too  nearly  saturated,  evaporation  is  being  liindered  (p.  90), 
and  heat  is  accumulating.  Ilcnce,  the  relative  humidity  is  the 
measure  of  the  goodness  or  badness  of  the  air  of  a  room. 

In  winter,  cold  and  therefore  relatively  dry  air  is  brought  into 
the  house  and  heated.  This  makra  the  relative  humidity  very 
low,  evaporation  proceeds  too  fast,  and  discomfort  follows.  In 
summer,  however,  the  outside  air  is  often  alrcad)'  nearly  satu- 
rated at  the  teniiK'rature  of  the  room.  Unless  there  is  a  rapid 
change  of  air  by  ventilution,  the  moisture  from  the  bodies  of  those 
in  the  room  iurnvises  the  humidity,  luid  discomfort  wises  from  a 
cause  op}KJsite  to  the  one  which  produced  it  in  winter. 

It  should  be  nobtrd,  a1.-«u,  that  <*ven  though  the  air  is  in  eonstsnt 
motion,  the  layer  of  air  next  our  skin  (oven  the  exposed  parts)  is 
hindered  from  moving  by  friction.  Tlicru  is  a  xutioaair  lajw 
close  to  the  8urfft(^',  which  quickly  reaches  the  temperatm-e  of  the 
Ijody  and  Ijeeomcs  saturated  at  that  temperature.  The  water 
molecule*  can  leave  this  layer,  and  make  room  for  others,  only  by 
diffusion,  which  is  «  deliberate  rather  than  a  speedy  process. 
Now,  an  electric  fan,  althoiiKh  it  hrinKS  uo  fresh,  dryer  air  into  the 
room,  nevertheless  stirs  the  air  and  blows  away  the  moist,  saturated 
layer  next  the  skin.  It,  at  least,  makes  this  lii>'cr  much  thinner, 
and  re<luces  jQ-ejitly  the  distance  the  water  molecules  have  to  go 
by  mere  diPfusion.* 

*  llii-  niuai-  (.-oiiovptiini  u|i])liat  to  diuoltlni  k  uU.  A  inaUonnrjr  laynr  nf 
Mturalod  Aolutian  U  fornicd  on  tho  lurTacc,  and  tbo  moleculea  of  (he  salt  van 
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Formerly,  the  accumulatiou  of  carlKtn  dioxide  from  the  breath 
was  blamed  for  the  unhealthiuess  of  unventibted  rooms.  The 
proportion  found  in  such  rooms,  however,  U  nhnost  never  ituffieient 
to  do  Hiiy  hnnn.  Then,  it  was  imagined  that  traces  of  higltly 
poisonous  lionipountU  werp  exhnled  by  the  bo<iy.  No  one,  how- 
e%'er,  hiis  yet  been  ahle  to  prove  that  such  poisons  exist. 

The  aims  of  ventilation  are,  therefore,  to  supply  fresh  outside 
air,  to  keep  it  in  motion,  and  to  maintain  a  humidity  that  is 
neither  too  low  nor  too  high. 


4 
I 

4 


Dust  in  the  Air.  —  A  beam  of  sunlight,  crossing  a  dark  room, 
can  be  seen  by  the  light  reflected  from  the  particles  of  dust  in  the 
air.  Some  of  the  particles  are  borganic,  and  consist  of  elay, 
limestone,  and  soot  from  Ul-bumed  fuel.  The  oi^nic  dust  may 
bo  divided  into  two  kinds.  Tlie  part  which  is  dead  tncludes  coal 
dual,  refuse  from  the  streets,  tninute  shreds  of  cotton,  linen,  hay, 
cte.  The  living  dust  consists  of  pollen  grains,  spores  of  fungi 
And  molde,  bacteria,  and  similur  microscopic  organisms.  The 
presence  of  microscopic  gertii^  ia  the  air  is  shown  by  the  fact  that 
when  food  ha«  been  cxixx^ed  to  the  air,  even  for  a  few  minut<s, 
putrefaction  very  boou  sets  in.  Some  giTms  also  produce  disease 
when  they  land  on  a  place  wheru  the  skin  has  been  dimiagi-d  by  a 
cut  or  ft  bum.  After  infection,  antiseptic  treatment,  e.g.,  with 
hydrogcu  peroxide,  destroys  the  orpinimiis.  But  [iroteetion,  e.g., 
with  petrolatum  (p.  391),  until  ii  new  wkin  iia.'t  formed,  is  belter. 

It  is  worth  noting  that  natural  soil  contAina  about  100,000 
micro-or^tauisms  per  e.c,  good,  unaltered  river  water  from  6000  to 
20,000  per  cc,  and  pure  air  only  4  or  iS  per  liter. 

U  tluHl  were  absent  from  the  air,  there  would  be  no  clouds  or 
rain.  Ailken  has  shown  that  the  water  vapor  will  not  condense  to 
fog  in  air  that  has  been  freed  from  dust  by  61tration.  When  moist 
air  is  cooled,  the  dust  particlea  act  as  nuclei,  round  which  the 
liquid  grows  at  the  expense  of  the  vapor.  In  the  absence  of  dust, 
the  cooling  would  produec  supersaturation,  which  would  be  sloppy 

(floapt,  and  make  room  for  morp,  only  by  dilTuidmi.  In  litiiiidii,  thi*  is  »  w^ 
slow  procim.  By  Bhakinji  the  solid  and  li(|uid,  however,  Iht  Btatiuoary  layer 
id  partly  uaahed  away.  It  la  made  tliiuner.  ao  that  the  dixliuiRC!  th<;  mole* 
i^iW  hnvc  to  tmvel  by  difFuiioii  ii  gr»tly  roducod,  and  the  wbolo  opi<ration 
i«  bMUsied. 


I 


THE   ATMOBPBERB 


333 


relieved  by  condensation  on  the  surfaces  of  houses,  plants,  aninmls, 
and  land.  Thus,  in  a  duatless  atmoephero  an  awning  or  unibrcllu 
would  afford  no  shelter. 

The  formation  of  fog  in  ordinary  air,  and  its  absence  in  filtered 
air  — e.g.,  air  drawn  through  a  wide  tube  packnl  with  20-30  inches 
of  cotton  —  is  easily  shown  in  a 
darkened  room  (Fig.  01).  The 
flask  contains  some  water  to  satu- 
rate tho  air.  When  suction  is 
applied,  by  the  mouth,  to  the  tube 
S,  the  satumt^'d  nir  in  the  (Indc 
expands  and  is  cooled.*  With  ordi- 
nary lur,  a  fog,  brilliantly  illumi' 
iiuted  by  the  beam  uf  liRht,  is 
instantly  produced.  Filtered  »ir 
(duKUess)  givcfi  no  foju.  On  tbe 
other  hand,  n  whiff  of  smoke  from 
smoldering  paper,  when  admitted  to  the  flask,  causes  a  fog  (after 
cooling)  of  extraordinary  densencss. 


FlQ,    Ul. 


Compixtition  of  Air.  —  Air,  when  freed  from  carbon  dioxide 
and  water,  contains  by  volume  78.06  per  cent  of  nitrogen,  21.00 
per  cent  of  oxygen,  and  0.94  per  cent  of  argon.  When  only  the 
water  is  removed,  the  carbon  dioxide  averages  about  0.03  per  oeJit 
of  the  whole. 

To  use  an  illustration  of  Orahatn's,  if  we  imagined  the  air  to  be 
divided  by  magic  into  layers,  all  at  one  atmosphere  pressure,  and 
with  the  heavier  components  below,  we  should  have:  On  the  earth, 
five  inches  of  water;  above  that,  thirteen  feet  of  carbon  dioxide; 
above  that,  ninety  yards  of  argon ;  above  that,  one  mile  of  oxygen; 
and  on  the  top  four  miles  of  nitrogen. 

Air  a  Mixture.  —  The  expeiinaenta,  in  which  the  oxygen  was 
removed  from  the  air  and  the  nitrogen  remained,  do  not  prove 
that  the  original  eonstituents  were  present  simply  in  mechanical 
mixture.  They  might  have  been  combined,  and  the  combustion 
of  phosphorus,  for  example,  might  have  represented  the  removal  of 
oxygen  from  combination  with  nitrogen  and  its  appropriation  by 
*  ComproHioQ  with  a  biuyde  pump  heatt  ntr,  mad  nxpaiuioa  cmob  H. 
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the  phosphorus.     It  may  be  well,  tbercforv,  to  point  CHtt  son)e| 
nyuwii.-'  which  Iiyiri  us  to  rcgAnl  the  air  ns  b  niixlurc: 

1.  Eftrh  of  the  !<ub8tanoe8  in  nir  hiu*  preciwiy  t)icMinM>  propcrti«J 
which  it  exhibits  when  free,  separnte,  and  pure.    Ttii»  Is  char-| 
actvjistio  of  a  mixture.     Thiin,  th<^  dtmmtii  of  air  ia  precist-Iy  tluit  1 
which  we  find  by  rati^iilation  from  the  known  proiwrlions  and 
several  densitir-t  of  the  components.     Attain,  the  tolvbilitif  of  each 
ga^  is  obwrveil  to  l>e  the  same  as  if  the  name  amount  of  it  were 
present,  alone,  in  the  same  volume. 

2.  When  Itfuiefied  air  is  allowed  to  evaporal*  in  a  suitably 
apparatus,  the  nitrogen,  being  more  volatile,  can  be  separated 
completely  from  the  oxj'gen.  When  the  oxygen,  in  turn,  is  allowed 
to  evaporate,   the  carbon  dioxide  and   water  remain  aa  solids, 

frozen  at  this  low  temperature. 

3.  Finally,  the  proportions  by  weight 
cannot  be  reprpsented  by  a  chemical 
formula,  because  they  are  not  exact 
multiples  of  the  atomic  weights  by 
integral  numlwra.  This  is  a  sure  laroof 
tliat  it  is  not  a  chemical  aggregate. 

Liiittefaction    t^    Gaaea. — The 

earliest  experiments  of  this  land  were 
made  by  Northmorc  (1805),  who  lique>- 
ficd  chlorine,  hydrogen  chloride,  and 
sulphur  dioxide.  In  1S23  chlorine  was 
again  liquefied  by  Faratiiiy.  Ihiriiig 
the  following  years  he  reduced  sulphur 
dioxide,  hydrogen  i<»]phi<le,  caplwn  di- 
oxide, nitrous  oxide,  ryaiiogen,  and 
ammonia  to  the  liquid  condition.  He 
failed,  however  with  oxygen,  hydrogen, 
and  nilrogi'n.  In  ISKJ  Wrohlevski  and 
Ol8Be\'!*ki  prepared  vLtible  amounts  of 
liquid  oxygen.  About  the  same  time  Dewar  devised  means  of  manu- 
facturing large  quantities  of  liquid  air  and  oxygen.  The  most  suc- 
cessful apparatus  for  use  ona  siniill  seale  is  that  de\Tsed  by  Hampson, 
In  Hampsori's  apparatus  (Fig.  92),  t.wo  concentric  (-opper  pipes, 
about  130  meters  in  length,  are  coiled  closely  in  a  cylindrical  form, 
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with  non-conducting  covering  to  prevent  ncccss  of  heat.  Air  at 
130-150  atmospheres  presaure  is  forced  throiif^h  the  inner  pipe. 
WTion  it  reaches  the  extremity  of  this  pipe,  it  suddenly  escapes  into 
a  closed  vessel.  This  expansion  lowers  its  temperature.  The  air 
can  now  escape  only  by  traveling  back  through  the  outer  pipe  to 
the  fiiud  exit  near  the  top.  In  doing  so,  it  cools  the  highly  com- 
I>fc»*ed  nir  in  the  iuner  pipe.  This  cooler  air,  on  reaching  the 
clasod  vessel,  expands  and  becomes  colder  than  ever,  and  in 
passing  hiickwards  lowers  the  temperature  of  the  air  in  the  iimer 
pipe  still  further.  Finally,  the  air  in  tluspipc  liquefies,  and  drops 
of  liiiui<I  jiir  are  expfUed  luto  the  closed  vessel.  They  are  allnwed 
to  run  out  through  ii  valve,  from  time  to  time,  as  they  accumulate. 

The  cooling  on  expansion  depends  upon  the  imper- 
feoUou  (p.  7S)  of  the  gus,  and  is  due  tu  the  work 
done  in  overcoming  tbe  tendetiey  to  euhiwiuu  of  its 
molceulra.  Liquid  uir  can  be  kept  in  Dewiu-  (hisks 
(I-'ig.  93).  The  space  betwet^n  the  inner  an<l  o\iU.-t 
flasks  is  evacuated,  su  that  ther^f  U  nu  gas  to  carry 
heat  to  the  ii<|Utti  air.  The  inner  surface  of  the  outer 
flask  is  often  nlvcrcd,  so  timt  radiant  heat,  from  surrounding 
bodies,  may  be  reflected  and  not  at;»orI>cd. 


Flo.  B3. 


LUiuid  Air,  —  IJquid  air  varies  in  composition,  as  the  nitrogen 
(b.-p.  — 194*")  is  l&ss  eondensibic  than  the  oxygen  (b.-p.  — 181.4°). 
It  boil)'  at  about  — 190",  and  contains  at>out  54  per  cent  of  oxygen 
by  weiglit,  while  air  contains  23.2  per  cent.  By  allowing  evapora- 
tion to  ff>  on,  a  li(|tiid  containing  7.^  to  05  per  cent  of  oxygen  is 
easily  obtained  (irf.  p.  2G).  The  gas  secured  by  the  evaporation 
of  the  residue  is  pumped  into  cylinders  and  sold  as  compresscil 
oxygen.  It  contains  about  3  per  eent  of  argon,  and  is  a  con- 
venient source  of  this  element,  ('artridges  made  of  granuhtr 
charcoal  and  cotton  waate,  when  saturated  with  liquid  tur,  have 
been  used  as  an  explosive  in  mining. 

Thk  IIcuuh  Familt 

Argon  A.  —  Cavendish  (1785)  sought  for  other  gases  in  atr  by 
adding  more  oxygen,  passing  an  electric  discharge  to  cause  this 
gas  to  combine  with  the  nitrogen,  and  absorbing  the  pro<luet 
(NOi)  in  potassium  hydroxide  isolutiou.    He  found  that  only 
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about  0.8  per  cent  of  inactive  gas  rcnuuned.  Since  the  quantit)' 
was  so  small,  and  the  spectroscope,  by  which  the  gas  even  in  small 
amount*  would  havt'  been  recognized  to  be  new,  was  not  invented 
until  much  lat*r,  he  did  not  purauo  the  subject. 

A  century  later,  Lord  Raylcigh  observed  that,  while  speciinens 
of  oxygen  and  other  gafies  uiude  purposely  from  various  sources 
aln-aj-B  had  the  same  dcmiity,  nitrogen  was  an  exception.     One 
liter  of  nitrogen  made  from  air,  and  supposed  to  be  pure,  weired 
1.2572  g.     When  tlie  gas  was  manufuetured  by  decomposition  cS 
five  different  compounds,  such  as  urea  and  certain  oxides  of  nitro- 1 
gen,  the  ineaii  weight<  uf  a  liter  of  this  nitrogen  was  only  1.2505  g. 
The  difference,  amounting  to  nearly  7  mgm.,  was  very  much  greater 
than  the  expt^'rimeiitul  error.     The  suspicion  naturally  arose  that , 
some  heavier  (^  was  present  in  miturul  nitrogpn.     Soon  after  i 
(ISM),  Raylcigh  repeattnl  Cavendish's  experiment,  and  obtained  i 
argon.     Working  in   coftiwratiou   with  him,   Professor,  now  Sir 
Williivm  Rttuisay,  obtained  the  same  gas  by  removal  of  the  greatly' 
preponderating  nitroi;en  by  means  of  magnesium  (p.  328).    The 
new  gas  had  a  molecular  weight  of  about  40,  and  was  therefore 
more  than  one-third  heavier  than  nitrogen. 

The  exact  density  of  argon  i.'*  39.88.  When  liquefied  it  boils  at 
- 186,9°,  and  the  colorlpss  solid  melts  at  - 189.5°.  The  solubility 
of  the  ga-s  in  water  (4  volumes  in  100)  is  two  and  one>half  times  I 
that  of  nitrogen.  It  has  not  been  found  to  enter  into  any  sort  of  j 
chentical  combination,  and  was  named  argon  on  this  account  (Gk.,| 
inatlive).  The  pbyacal  properties  show  that  the  molecules  of  thoj 
gas,  like  those  of  mercury  (p.  Ill),  are  monatomic. 

Helium  lie.  —  In  1868  Loekyer  first  detected  an  orange  lio 
in  the  .spectrum  of  the  sun's  prominences  which  was  not  given 
any  terrestrial  substance  then  known.  The  line  was  so  con-! 
spicuoua  that  it  was  attributed  to  the  presence  of  a  new  chemicalj 
element,  which  wae  named  bsUum  (Ok.,  the  aun).  Ratusay,  inf 
searching  for  sources  of  argon,  examined  a  gas  which  HiUebrandl 
had  obtained  from  uraninitc,  an  ore  of  uranium.  He  was  eur-l 
prised  to  find  (1895)  that  it  contained  a  Lirge  proportion  of  a  very  I 
light  gas,  the  spectrum  of  which  was  identical  with  that  of  solarj 
helium.  Tlie  same  gas  is  found  in  small  amount  in  the  atmospbere.| 
Helium  does  not  exhibit  any  tendency  to  enter  into  combinatic 
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It  is  monatoinic  and  it«  d<'iutity  showv  that  its  molticulnr  wt-ight  is 
4.    AMien  liquefied  by  Onncs,  it  bwled  at  -268.5°  (4.5°  Ab«.). 

Ntion  A«,  Krypton  Kr,  and  Xenon  Xe.  —  By  liquefj-ing 
atmosptivric  nrgon,  iiMiig  liquid  air  to  cool  it,  and  distilling  thoj 
liquid,  Itainsay  (1808)  found  ttiiit  it  contuini'd  hvliuin,  nloDg  wit 
three  new  gu^es,  ThcMo  together  constituted  ono-«x  hundredtb 
port  of  the  whole.  The  gases  wcrv  named  n<M>n  (Gk.,  ;i«u>)^ 
lEr)-ptoii  (Gk.,  h{d(len),  and  xenon  (Gk.,  elranyer).  These 
are  all  entirely  inactive  chviuically,  and  arc  all  monatoniic.  Their ' 
molecular  weights  arc:  Neon,  20.2;  krypton,  82.9;  xenon,  130.2 
Niton  Xt  (rndium  emaDntiou,  q.v.),  molecular  weight  222.4,  al.to 
belongs  to  this  family, 

■  £r<Frri«M.  —  1.  A  sample  of  moist  air,  confined  over  water  at 
15*  and  760  mm.,  occupies  15c.c,  It.  is  tnixcd  with  20  c.c.  of  hydro- 
gen, and  the  mixture  is  exploded,  and  fufTcTH  a  contraction  of  9.5 
c.c.  Wliftt  would  be  the  volume  of  the  oxygen  it  contained  if 
measured  dry  at  0*  and  760  mm.? 

2.  Calculate,  from  the  data  on  p.  333  and  the  densities,  the 
percentage  bj'  weight  of  the  three  principal  components  of  air. 

3.  Of  tlie  proofs  that  air  is  a  mixture  (p.  333),  wliich  show  that 
no  part  of  the  components  is  combined,  and  which  that  the  com- 
ponents arc  not  wholly  combined? 

4.  Wluit  is  the  relation  between  heavier  clotliing  and  the 
stationary-  layer  of  air  next  the  skin? 

5.  From  the  data  given  on  p.  330.  calculate  the  weight  of  water 
vapor  in  I  cubic  mettr  of  air  saturated  at  18'  and  at  0°,  respectively. 


CHAPTF.n  XXV 

NITEOOEN  AND  AMHOHU 

Nitrogen  whs  riH'ogniiied  tu  be  a  ilLsiiiK-t  substsnce  by  Ruther- 
ford (1772),  Profiwsor  of  Botany  in  the  University  of  Eihiilnirgh, 
wbo  nauK>(]  it  mophitiu  sir.  Scbede  showed  that  it  wsh  present 
in  thu  atmosphere.  Lavoisier  recognized  it  to  be  an  element,  and 
named  it  azote  (Gk.,  without  life)  l^ecaune  it  did  not  support  life. 
The  English  name  rceords  the  fact  that  it  is  an  important  con- ; 
stitueul  of  niter  KXOj, 

Tlie  Chemical  Relations  of  the  Klfment  IS'itrogen. —  In 

compounds  with  hydrogen  and  the  metaU  nitrogen  is  trivalent, 
while  in  those  containing  oxygen  and  other  negative  elements,  it  j 
ia  frequently  quinquivalent.     It  is  a  non-metal,  for  ita  oxidfis  are  i 
acidic  (p.  W).     Many  of  the  compounds  of  nitrogen  are  extremely 
active  and  interesting.    Those  of  them  which  we  have  to  discuss 
in  inorganic  chemistry  are  ammonia  NU*  and  nitric  add  UNOt) , 
and  several  related  substances. 


Otrrurrrnce.  —  Free    nitrogen    is    present    in    the    air.     The ' 
nitrates  of  jiotassium  and  sodium  are  found  in  Bengal  and  Chile, 
respectively.     Natural   manureH,   such   as   guano,   contain   large 
quantities  of  nitrogen  compounds,  and  owe  their  value  as  fcrtilizcre  i 
to  this  fact.     Nitrogen  Is  a  constituent  of  the  protoini!  (about  15  j 
per  cent  nitrogen)  of  vegetable  and  animal  matter. 

Preparation.  —  Nitrogen  containing  about  one   per  cent  of 
argon  is  obtained  by  burning  phoeiphorus  in  air,  or  by  passing  air 
over  heated  cop[x'r:    2Cu  +  Oj  — » 2CuO.     For  commercial  pur- i 
poses,  it  in  obtwiTied  by  evaporation  of  liquid  air. 

Pure  nitrogen  is  prepared  by  heating  ammonium  nitrite: 

NItN0,-»2Hi,0  +  Nj. 
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In  practice,  idnoe  ammouiuiu  nitrite  in  unstAblc  and  cuanot  be 
kept  as  such,  stronf;  solutions  of  ammonium  chloride  aiid  sodiuE 
oitrite  are  mixed,  a  double  deconi  posit  ion  results  in  the  forraationi 
of  anunonium  nitrite,  NH4CI  +  NaNO,  i=i  NH^NO,  +  NaC'I,  and 
this  breaJis  up  when  heat  i^  applied,  giving  nitrogen. 

We  may  also  prepare  nitrogen  by  the  oxidation  of  ammonia 
NHi,  passing  the  latter  over  heated  cupric  oxide  (nee  p.  343),  or 
by  the  reduction  of  nitric  oxide  NO,  pasang  this  gas  over  heat«d 
copper. 

Physical  Properties.  —  Nitrogen  is  a  colorless,  tast^ess, 
odorleRs  gas,  a?  we  should  expect  from  the  fact  that  air  poaaeatKS 
theae  properties.  It  forma  a  colorlcas  liquid,  boiling  at  —194", 
and  a  white  solid  (m.-p.  —214°).  The  solubility  in  water  (1,6 
vols,  in  100)  is  leas  than  that  of  oxygen.  The  density  of  the  gas| 
ehows  the  formula  of  free  nitrogen  to  be  Ns- 

Chemical  Properties.  —  Nitrogen  onltei  with  fev  ekments 
directly.     At  ordinar>-  temperatures  it  is  almost  absolutely  in- 
different.    When  paflsed  over  heated  lithium,  calcium,  magneaum, 
or  boron,  it  forms  olcridM,  in  which  it  is  trivalent.     These  havaj 
the  formube  LijN,  Ca»Nj,  Mg»Na,  and  BX, respectivdy.     Thu8,i 
when  magnesium  ia  burned  in  the  air,  thtf  white  mass  which  is 
formed  contains  magnesium   nitride,   iJong  with   much  of 
oxide.     \\Tien  the  ash  is  moistened  with  water  in  a  covered  vessdjl 
Ammonia  can  be  smelt  and  can  be  detected  with  moist  litmus 
paper.    The  nitride  is  hydrolyiicd: 

MgJ«,  +  OHjO  —  3Mg(0H),  +  2NH,T . 

Nitrogen  combines  with  diflSeully  with  hydrogen  to  fonn  am- 
monia XHt  and  with  oxygon  to  form  nitric  oxide.  The  actions 
will  be  discussed  under  the  compounds  themselves. 

One  case  of  direct  union  of  nitrogen  is  of  economic  importance. 
The  supply  required  by  most  plants  is  obtained  from  nitrogen 
compounds  contained  in  fertilizers,  or  equivalent  substances 
already  present  in  the  soil.  With  the  leguminotce  (peas,  iK-uns, 
clo\'cr,  etc.),  howe\'cr,  arc  found  associated  curtain  bacteria, 
which  flourish  in  nodules  u|>on  their  nx>t«.  These  Imcteria  liave 
tiic  pon'er  of  taking  free  nitrogen  from  the  air,  which  penetrates 
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tbc  son,  and  producing  proteins.  The  nodules  often  cootwn 
over  five  pi-r  amt  of  combined  nitrogen.  The  proteins,  by  the^ 
action  of  nitrifying  biictcriii,  give  nitric  acid  whidi,  with  baaea  ia 
the  «oiI,  pvi'S  uitrftt<!8.  These  arc  soluble,  and  are  absorbed 
through  the  routs,  furnishing  the  nitrogen  needed  by  plants  Uy 
enable  them  to  construct  the  proteins  they  re<[uire. 

Compound*  oj  Nitrogen  and  Hydrogen,  —  The  oommonest 
and  longvfit  known  of  thcete  8u1>stances  is  ammonia  NH],  which 
was  first  described  by  Priestley  (1774)  and  named  "alkaline  air. 
Curtius  discovered  hydraKiiie  N»H*  in  1889,  and  hydrazoic  aci 
HNi  in  1890.    Hydroxylainiue  HONHi,  discovered  by  Loesen 
1865,  is  similar  to  nmmoniu  in  chemical  behavior. 

AuMoxiA  NHi 

Ammonia  is  of  inter«et,  commercially,  because  lai^  amounts 
of  liquefied  ammoma  arp  ui;ed  in  refrigeration,  because  much  is 
employed  iii  the  mnnufacturc  of  carbonate  of  KOila,  and  becuu^  ita^ 
com[>ouiidH  are  used  as  fertilizers. 


4 
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Mant^actiire.  —  Ammoma  is  formed  when  proteins  arc  heated'. 
in  the  absence  of  air.  Thus,  it  wm  formerly  obtained  by  the 
distitlution  of  hoofs,  bides,  and  horns,  and  the  solution  in  water 
was  called  "spirit  of  hartshorn."  Coal  contains  about  1  per  cent 
of  combined  nitrogen,  derived  from  the  proteins  of  the  originat 
plants,  Hence,  when  coiil  is  distilled  in  tfie  nmnufaeture  of  coal 
g!is  or,  on  a  much  larger  scale,  for  the  making  of  coke,  much  ani'j 
monia  can  be  iwcured  by  washing  with  water  the  gases  which  are 
given  off.  The  solution  is  separated  from  the  tar,  lime  is  added 
to  combine  with  acids,  and  the  ammonia  gas  is  driven  out  by 
heating  aii<l  passed  into  sulphuric  acid  or  hydrochloric  acid.  It 
gives  ammonium  sulphate  or  elJoridc  (sec  below). 

In  Germany  80  per  cent  (1910)  of  the  coke  is  made  in  "by- 
product" coke  ovens,  in  which  the  ammonia  and  other  by>product8 
are  collected  and  utilized;  in  the  United  States  83  per  cent  of  ths^! 
coke  is  made  in  "Vieehive"  ovens,  m  which  the  vapore  are  simply 
burned,  .\mmoiiimn  siilplmto  is  a  valuable  fertilizer  and  in 
1911|  in  the  United  States,  ammonia  capable  of  yieldmg ')00,(XX) 
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tons  of  ammonium  sulphate  worth  24  inillioD  dollars  was  burned 
by  the  cokemakers. 

The  distiUution  of  cool  le  the  chief  source  of  commernal  am- 
monia. In  Scotland,  however,  oil-bcaring  shaJe  is  distillwj  to 
obtiiiii  potrulcuni,  and  much  ammonia,  liberated  at  the  same 
Umv,  is  colk'cl'cd.  Formerly  it  waa  allowed  to  itiL-ajx;  but,  in  the 
al>ik:nov  of  it  protective  taiiiT,  the  competition  of  American  luid 
RusKtuii  petroleum  compelled  economy.  Now,  the  profit  on  the 
luniiiotuum  Bulphatv  pa^ns  the  whole  cost  of  mining  and  distilling 
the  shale. 


Synthetic  Ammonia,  —  The  Badiscbe  Company  is  now 
manufacturing  ammonia  on  a  Uirjte  scale,  for  the  preparation  of 
explosives,  by  the  direct  union  of  nitrogen  and  hy<lrogen. 

N.  +  3H.P±2NH,  +  2X  12,200  cal. 

No  union  occurs  at  low  te^nperatures  and,  on  the  other  band,  the 
action  is  reversible  and  exothermal,  so  that  at  700°  ammonia  is 
decomposed  ahnost  completely  (Van't  Hofl's  law,  p.  188).  It  is 
neccasar>',  therefore,  to  use  a  lower  temperature  and  a  contact 
agent  —  such  as  specially  prepared  iron  —  to  hasten  the  action. 
Then,  too,  the  reaction  is  accompanied  by  ji  diminution  in  vol- 
ume (4  vols.  — >2  vols.),  and  is  therefore  assisted  by  using  the 
gasett  under  a  pressure  of  186-200  atmosphcrvs  (Lc  Chatdier's 
law,  p.  190).  At  500°,  with  these  conditions,  about  8  per  cent 
of  the  gases  combine.  The  ammonia  is  dissolved  out  with  water, 
and  the  uncombtned  gases  are  sent  through  the  prooew  again. 
The  required  hydrogen  may  be  obtained  by  one  of  the  com- 
mercial processes  (p.  CjQ),  and  the  nitrogen  from  liquid  air. 


I 


Preparation  in  the  Ixiboratory. —  1.  A  nuxture  of  slaked 
lime  and  Homl.^  suit  of  ammonium,  such  us  ammonium  chloride, 
either  with  or  without  water,  is  hicat«d  in  a  flask  or  retort  pro- 
vided with  a  deliver^'  tube: 

Ca(OH),  -H  2NH*CI  S*  CeCU  -|-  2NH4OH  ^  2NH,  +  2H^. 

The  ammonium  hydroxide,  formed  by  the  double  decomposition, 
immediately  decompoaea. 


cau^KOB 


U2 


Wanatag  Utt  aqmam  rnb^&m  pm  »  eta4r 
Shoe  tbc  gM  is  TQ7  flofaiUe  m  viler,  it  s 

or  to  u  myertra  jsr  I9  danorawd 
la  boCli  methods  of  prvpsntiDO,  it  is  dried  wilk 


rftJ^^ 


fttymirat  Frop^rii^B,  —  AiB^naiB  ie  a  fiifcw**^  pc  with  B 
portent,  efaftraetcimic  odor  '~~^>^-  im  atdb%€iia.  The 
G^.V.  of  the  9fl  miglM  17^  b^  »  tbt  tb»  lii^ilj  '»  Ettfe 
awK  tbaa  ludf  that  of  air  (</.  pu  101).  Win  fiqixfied  H  bob 
at  -33*  and  the  solid  is  wbhe  and  oystal&ie  (ni.-p.  —77°). 
One  Tcptume  of  water  tfiMohfta  1300  tuluHw*  of  ibt  gas  at  <r, 
and  783  vohunei  at  16°.  TV  35  p«r  cent  aoliition,  sold  as  "ooo- 
eeotrated  ammcpia,"  has  m  i^  gr.  O^SL  The  whole  of  the  Ab- 
solved gas  mar  be  renwred  hy  bofling  (tf,  p.  145). 

liquefied  ammonia  U  used  in  nMcvatto^  lo  evaporatiog  at 
—S3*  it  alMorfaa  330  caL  per  gnuD.    Water  alone  has  a  greater 

„ beat  ot  vaporii&tKm.  The  latge  amount 

of  heat  is,  in  both  caar«,  nquind  be- 
cnuM-  of  tile  rvlativvly  btr^  volume  of 
the  %-upor  (due  to  low  molecular  wngbt) 
and  to  the  fact  ttiat  both  Uquid»  are 
anociated  (p.  206),  and  tbe  complex 
motecules  (NH])i  nod  (N*Hj)i  have  to 
be  decomposed.  To  fn^ie  I  gram  of 
wat«r  at  0°,  79  cal.  have  to  be  te- 
iuovmL  Thus  1  R.  of  ikjuid  ammnnia 
will  ('onvcrt  4  g.  of  water  into  iw.  Fig. 
94  shows  one  arraogemeat  disgnuo- 
maticaQy.  The  ammonia  gu£,  obtained 
from  a  cj'ltndvr  uf  Uquid  ammouiu,  is 
driven  by  the  pump  F  along  tlu;  tul)c 
E  and  is  liquefied  in  the  tube  coiled  in 
the  tank  AB.  Cold  water  cueulattng 
through  AB  removes  tbe  heat  pitKliuvtl 
by  the  compreHnion  and  liquefaction  of  the  gas.  The  )i(|uid 
ammonia  is  allowed  to  drip  through  the  stopcock  G  into  the  lower 
coil,  nnd  tttrre  it  ovaporutcH.  In  doiug  so,  it  takes  bent  from  a 
30  pfir  c('iit  solution  of  cfileium  chloride  in  water.  This  cooled 
brine  loavut  the  tank  at  D,  circulates  through  another  tank,  in 
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which  wator-fiUod  ice  moldti  are  suspended,  and  returns  to  C. 
When  usod  for  cooling  ston^orooins  for  mt'at,  thu  brine  circulates 
through  pipes  in  the  samo  way.  Ttw  nmL-hint-  i;t  comttnicted  of 
iron,  because  copper  and  broaa  arc  corroded  by  ammonia. 

Chemical  Propertitra.  —  Ammonia,  as  we  have  seen,  is  not 
iUbl«,  Slid  decoitiposee  almost  completely  at  700°.  A  di»ctiarge 
of  sparks  from  an  iii<iiiction  coil  (tt'mperature  about 
2000*)  has  the  .lame  effect,  so  that  a  sample  of  the 
(p>»,  confined  over  mercur>'  in  a  closed  tube  (Fig.  95), 
may  be  shown  to  double  in  volume.  Every  two 
molecules  give  four: 

2NH,^3H,  +  N,. 

That,  even  at  this  temperature,  the  aetion,  being 
reversible,  »  still  incomplete,  can  1m>  shown  by 
introducing  a  few  dropa  of  dilute  milphuric  aeid. 
Tlie  trace  of  aminoiiiH  remainiti);  combiner  nith  tiii^ 
aeiil,  fonning  (XH4)9SO,  in  .tolution.  If  the  dis- 
rhargp  is  continued,  further  traces  of  ammonia  are 
formed  and  ahsorlted,  until,  finally,  the  whole  itns 
diflitppears. 

Ammonia  radtHM  many  oxides,  when  the  latler 
are  heated  and  the  gas  is  led  over  them: 

3CuO  +  2NH,  -.  SCu  +  3H^  +  N,. 

Ammonia  bums  in  pure  oxygen  (not  io  utr)  to  give 
steam  and  nitrogen. 

Cbloria«  and  bromine  (vapor)  combine  with  the  hydrogen  and 
hberate  nitrogen: 

2NH,  +  3CU  — N,  +  6HC1. 

WIten  tnetaU  capable  of  uniting  with  nitrogen  (p.  339)  are 
heated  in  a  stream  of  ammonia  gas,  hydrogen  is  displaced.  Mag- 
nesium pvcs  m^nesium  nitride: 

2NH,  +  3Mg  ->  MgiN,  +  3H,. 

Sodium  and  potassium,  howe%'er,  give  amides  (eompoundn  con- 
t»iiiiug  the  group  NHt),  »uch  as  sodainide  NaNHi: 
2NII,  +  2Na  -.  2NaNH,  +  H,. 


Kia,  ir3. 
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Tbc  most  striking  property  of  ammonia  is  that  it  eomblnes  with 
acidi,  giving  ammoniuro  salts: 

NH,  (gM)  +  HCl  (gafi)     —  Xaa  fsoUd). 
2XH,  (gas)  +  HvSO,  Oiq-)  -*  (NH^JiSO.  (solid). 

it  combines  «Uo  with  wktor  at  or  below  —79.3°  to  give  ammonium 
hydroxide,  a  whit<^  solid: 

NH,  +  H,0  -»  NH^OH. 

As  the  8oiid  distwriAtes  libovc  —79.3°,  a  solution  of  the  subetanc™ 
which  IS  contninvd  iii  the  luiuvuus  solution  of  niimiouiu,  Is  the 
only  available  form  of  ammonium  hydroxide.    In  solutjon,  it  is  a 
weak  base. 

Anunoiiimu  oxide  (XH4)30,  a  solid,  caii  also  be  formed  below 
-78.6*. 


Ammonium  (AtmpountUi.  —  Since  NH4  plays  the  part  of  a 
metallic  element,  enterinR  into  the  composition  of  a  base  and  of 
u  seriea  of  salts,  it  is  named  umnoofum.  As  this  radical  forms  a 
univalent,  positive  ion  NH4+  and  gives  a  distinctly  alkaline  baae, 
it  IB  classed  with  the  metallic  elements  of  the  alkalies  iq.v.). 

Ainmoniiim  Hydroxide.  —  Although  less  completely  ionised 
thuti  potn;>siuin  hydroxitlv.  aniiiiunium  hydroxide  affects  litmus 
easily.  In  a  normal  solution,  0.4  per  cent  of  the  uiumoiiia  ia  in 
the  form  of  aiumonium'iuti  NH«^.  When  an  add  is  added  to  the 
solution,  the  equiUIy  siniiU  amount  uf  hydroxide-ion  which  exists 
in  it  is  removed  and  the  various  equilibria  are  displaced  forward. 
The  fimd  result  is  tlie  same  as  with  any  other  base: 


NH,(gHs)3=sNH,(dalvd)  +  HaOj=:NH*OH=iNH4++OH- 

Hatscr   +  H+ 


:H^. 


I 


Only  a  small  proportion  of  the  gas  (one-third)  is  actually  com- 
bined  at  any  one  time,  the  gix-ulrr  piirt  bdng  simply  dissolved. 

The  s<jlution  is  sold  a^  household  fcmmonla,  and  is  used,  in 
washing  and  cleaning,  to  soften  the  water. 

Salt*  t^  Ammonium.  —  Vthea  strongly  heated,  all  am- 
monium salts  are  decomposed  and  many,  bui  not  all,  give  am- 
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monia  and  the  ftcid.    When  the  lfttt«r  is  v<datUe,  the  whole 
noat^rittl  of  the  wilt  is  thus  ooiivt-rtcd  into  gaa.    The  acid  and  the  ' 
aratnonm  reunite  to  fonn  the  soUd  salt  when  the  vapor  reaches  a, 
cool  part  of  the  tube  (subtiiuation,  p.  199) : 

,  XH,CI  (solid)  i=i  NH.CI  Cga«)  ^  HCI  +  NH,. 

H|   The  t«st  for  ammonium  salt8  is  to  warm  them,  dry  or  in  solution, 
^wtth  a,  base,  when  the  odor  of  ammonia  becomes  noticeable. 

I     V 


(NH,)^SO,  J=f  S0*=  +  2NH»*1      q„„  oh  -.  9H  O  4-  OVH  t 
2K0Ht3  2K+  +20H-  }>^2NH,OHf^2H,0  +  2NH«T. 


When  the  solution  is  used,  it  is  the  tendency  of  the  NH|*  and 
OH"  to  unite  to  form  the  slightly  ionized,  inolceulur  hydroxide 

^that  sets  the  other  equilibria  in  motion. 

^h  In  amiQouium  salbi,  the  nitrogen  is  quinquivalent. 

^P  Hydrasine  NaH^.  —  By  reduction  of  a  compound  of  nitrii:  oxide 
and  potaN<iuiti  sulphite  by  meann  of  sodium  amalgam,*  a  solution 
of  hydrazine  hydrate  is  obtained: 

I  K^(),,2N0  +  3H,  -*  N)H4,H,0  +  KjSO.. 

Wlien  the  hydrate  is  distilled  with  barium  oxide,  under  reduced 
preesure,  hydrazine  is  liberated: 

L  N,H.,H,0  +  BftO  —  NAT  +  BaCOH),. 

^f  Hydraiinc  hydrat*  freezes  at  about  —40*  (1>--P-  118.5').  Ita 
aqueous  solution  is  alkaline,  and  salts  are  formed  by  neutraliza- 

BOIL 

Hydraaoic  Acid  HlVg.  —  When  nitrous  oxide  (q.v.)  is  led  over 
fuxUmide  at  200°,  water  is  liberated  and  sodium  hydnuoate  re- 
mams  behind: 

NH^a  +  NjO—  NaN.  +  H,0. 

A  dilute  solution  of  the  free  acid  is  best  obtained  by  distOling  the 
lead  salt  with  <liiute  sulphuric  acid. 

The  pure  acid  (b.-p,  37°)  is  violently  explosive,  resolving  it«e!f 
into  nitjogcn  and  hydrogen  with  liberation  of  much  heat: 

2HN„Aq  -» H,  +  3>r,  +  Aq  +  2  X  61,600  cal. 

*  The  codium  diMolved  in  (ho  ■itercur]'  ioteractfl  with  the  vat«r,  giving 
hydrogeo  (s«e  Active  Mat«  of  bj-drogen). 
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Halogen  CompountU  of  Kitrogen.  —  When  nmuicHuum  I 
chloride  soluttoQ  i»  treated  nntli  ^xa^ss  of  chlorini-,  drupe  of  an  i 
oily  liquid,  nitroswi  uichloiida,  urc  rormcd:  3Clj  +  NHtCl 
NCI,  +  4HC1,  It  is  cxlrciucly  fjiplosivc,  resolving  itself  into  it«.j 
constituents  with  liborution  ol  much  bent. 

When  a  solution  of  iodine  in  putji««ium  iodide  solution  (p.  200) 
is  utided  to  !Uju<?ous  nmiQuiiia,  n  brown  precipitate  is  formed.. 
Thix  scorns  to  have  the  composition  NHf,NTi,  nnd  is  uoined  { 
nitrogen  lodld*.  It  may  be  houdled  wbilo  wot.  Wbeu  dry,  if , 
touched  wilh  u  feiitber,  it  decomposes  iiito  its  cotistituctits  withj 
violent  eiiplosion. 


Exertisea.  —  I.  When  moist  tiir  is  used  as  a  source  of  nitrc^en, , 
what  advantage  is  there  in  UMn};  copper  rather  than  the  leas| 
expensive  met«!  iron,  for  renioviug  thf  oxygen  (p.  60)? 

2.  How  many  grams  of  water  at  0"  could  be  frozen  (p,  85)  by  I 
Uic  removal  of  the  heat  required  to  evaporate  50  g.  uf  liquid] 
ammonia? 

3.  How  many  gramH  of  ammonia  are  contained  in  1 1.  of  "con-J 
centrated  ammonia''  (p.  342)? 

4.  What  are  the  iouB  of  hydrazine  hydrate?  Formulate 
(p.  2M)  the  neutralization  of  this  base  with  sulphuric  acid. 

5.  What  is  the  object  attained  by  dbtillmg  under  reduced] 
pressure  in  making  hydrazme  (p.  345)? 

6.  Classify  (pp.  166,  258),  (a)  the  interaction  of  a  nitride  withi 
water  (p.  343)  and  (6)  of  ehloriiie  an<l  ammonium  ehloride  (p.  3-13), 
(c)   the  results  of  heating  ammonium  nitrite  (p.  338)  and  (^O  am>j 
monium  chloride  (p.  345). 

7.  Wliy  does  not  ammonia  burn  in  air  (p.  3-13)? 

8.  What  substances  are  present  in  amntonium  hydroxide 
solution?  When  the  liquid  is  heated,  what  happens  to  each? 
Formulate  the  system. 


CHAPrER   XXM 
OXIDES  AND  0X7OBH  ACIDS  Or  NITROOEN 

The  iiuiik-.-<  ilikI  furniulit;  of  tbv  oxides  imd  oxygen  acids  ^ 
nit-rogcu  iin.'  ii»  follows : 

Nitrous  oxide  NiO  < Hypooitrous  acid  UtNaOt 

Nitric  oxide  NO 

Nitrous  anhydride  NiO»         « — •    Nitrous  acid  HNOj 

Nitrogen  tetroxide  Nj04  and  NOj 

Nitric  anhydride  NiO»  *~*    Nitric  add  RNOi. 

All  thp  oxides  are  endothermal  compounds  (p.  174),  yet,  with 
exception  of  the  third  and  the  laat,  they  &rp  all  relatively  stable. 
The  acida,  when  deprived  of  the  elements  of  water,  yield  the  oxidefl 
opposite  which  tliey  stand  (p.  281,  footnote).  (Vinveraely,  ex- 
cepting in  the  case  of  nitrous  oxide,  the  anhydrides  with  water  Rive 
the  acids.  .AH  of  these  substances  are  made  directly  or  indirectly 
from  nitric  acid  —  nitric  anhydride  by  removal  of  water,  the 
others  by  reduction.  AVe  turn,  therefore,  first,  to  nitric  acid  and 
its  properties.  This  arid  is  made  from  Chile  saltpeter  (next  sec- 
tion) and  also  by  fixation  of  atmospheric  nitrogen  (see  p.  3.52). 

Nitric  Acid  HN0» 

Soiurcea.  —  Sodium  nitrate,  or  Chile  saltpeter  (caliche)  is 
found  in  a  desert  rc^oo  near  the  boundary  of  Chile  and  Peni. 
The  deposit  is  about  5  feet  thick,  2  miles  wide.  220  miles  long,  and 
contains  20  to  60  per  cent  of  the  salt.  Purification  is  cffwU-d  by 
rccrystallization.  Potassium  nitrate,  or  Bengfil  saltpeter,  is  found 
in  the  soil  in  the  neighborhood  of  cities  in  India,  Persia,  and  other 
orii-utal  countries.  It  arises  from  the  oxidation  of  animal  refuse 
to  oilric  acid,  through  the  mediation  of  nitrif>'ing  bacteria.  Tho 
potash  and  lime  in  the  soil,  along  with  the  nitric  acid,  give  nitralea 
of  potassium  and  calcium.  The  aqueous  extract  of  this  soil 
ia  tJeated  with  wood  ashes,  which  contam  potash  KaCOj.    U 
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poured  off  from  the  citlcium  carbonate  thus  precipitAtod,  and  is 
Roally  evajwrated.  In  gnano  (excreta  of  Bea  birds),  used  as  n 
fertilizer,  the  nitrogeo  compounds  have  often  been  converted 
largely  into  nitrates  in  the  same  mqr. 

Mttnt^acture.  —  When  any  nitrate  Lt  treated  with  any  add, 
nitric  acid  is  formed  by  a  reversible  double  decomposition.  As 
sodium  nitrate  is  the  cheapest  salt  of  nitric  arid,  it  is  always  em- 
ployed. For  the  same  reason  and,  above  all,  because  of  its  relative 
involatility,  sulphuric  acid  is  used  to  displace  it: 

NaNO,  +  H^O,  !=;  N&HSO*  +  HNO,|. 

The  nitric  acid  is  rather  volatile  (b.-p,  86"),  while  sulphuric  acid 
(b.-p.  330")  is  much  less  bo.  and  the  two  salts  are  not  volatile  at  all. 
The  materials  are  heated  in  cast-iron  stills,  and  the  nitric  add 
vapor  is  condensed  in  giaaa  pipes  surrounded  by  water.  Thus  the 
ioteraetion  proceeds  to  completion  very  easily  (i^.  p.  142;  see  also 
p.  185). 

Physicnt  Propprttfi*.  —  Nitric  acid  is  a  colorless,  mobile  liquid 
(sp- gr.  1.52)  boiling  at  86",  and  freezing  to  a  solid  (m,-p,  — 47"). 
It  fume.''  .'<l  ix)tigly  when  it*  vapor  is^w^  into  moist  air  (</.  p.  144). 
An  aqueous  solution  containing  68  per  cent  of  the  acid  boils  at 
120.5",  while  the  pure  acid,  pure  water,  and  all  other  mixtures, 
boil  at  lower  temperat^ires.  This  68  \»t  cent  nitric  acid  of  constant 
boiling-point  (p.  145)  forms  the  "concentrated  nitric  add"  of 
commerce  (sp.  gr.  1.41). 

Chemical  Properties. —  1.  Like  chloric  acid  (p.  314),  and 
other  oxygen  adds  of  the  halogens,  nitric  acid  is  most  stable  when 
mixed  with  water.  The  pure  (100  per  cent)  acid  dMooqrasM  while 
being  distilled; 

4HN0.  -» 4N0,  +  2Hrf)  +  O,, 

yet  not  with  explosive  violent-e  like  chloric  arid.  The  distillate 
is  colored  brown  by  dissolved  nitrogen  t*troxidc  NOj  ("  fuming  " 
nitric  acid).  Repeated  distillation  finally  leaves  68  per  cent  of  the 
arid,  mixed  with  .'^2  pt'r  cent  of  water  formed  by  the  above  decom- 
position.   The  acid  of  constant  boiling-point  is,  therefore,  reached, 
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as  usual,  from  more  con<»ntrated  as  well  as  from  less  concentrated 
specimens. 

2.  Nitric  acid,  when  dissolved  in  water,  la  highly  ionized,  and 
is  therefore  active  as  an  Mtd.  By  interaction  with  hydroxides  and 
oxides  it  fonos  nitrates. 

3.  When  pure  nitric  acid  (b.-p.  86**)  is  poured  upon  phosphoric 
anhydride,  the  latter  combines  with  the  elements  of  water,  and  dis- 
tillation gives  nitric  wihydrldo:  2IIN0,4-  PiOi-»N»OsT  +  2HP0i. 
The  anhydride  is  a  white  solid  meltlnR  at  30°  and  boiling  at 
45°.  It  unites  vigorously  with  water  to  form  nitric  acid.  It 
decomposes  spontaneously  into  nitrogen  tetroxide  and  oxygen: 
2NfO,-*4NO,  +  ()j. 

4.  Like  the  unHtable  oxygen  acids  of  the  halogens,  nitric  add  is 
an  oxldiiint:  scant  even  when  diliiterl  with  water.  The  multiplicity 
of  the  proiiucta  into  which  it  may  be  decomposed  by  reduction, 
however,  renders  separate  treatment  of  this  property  necessary 
(see  p.  354). 

5.  \itric  acid  interacts  energetically  with  many  compounds  of 
carbon  to  give  nitro-derivatiTas.  Thus,  when  heat«d  with  phenol 
(*sII*(OH)  (carbolic  acid)  it  gives  ptcrle  acid  (trinitrophcnol) 
C»Hj(NOt)»(OH),  which  crystaliixes  in  yellow  needles  in  the  mix- 
ture.    This  is  a  yellow  dye,  used  also  as  an  explosive. 

C.H»(OH)  +  3H0N0,  -.  CJI,COH)(NO0i  +  3H,0. 

When  heated  with  toluene  C«n»CH,,  it  ©ves  trtnltrotoluww: 

CH/:,H.  +  3HON0,  ->  CHiC»H,(NO0.  +  3H,0. 

This  9ub(rtance  (T.N.T.)  is  need  for  filling  "high  exploMvc"  shells, 
because  it  can  be  melted  (m.-p.  81.5°)  and  poured  in,  making  the 
filling  easy,  safe,  rapid,  and  complete.  It  is  not  easily  exploded  by 
shocks  during  transportation,  but  it  explodes  instantaneously  iwd 
completely  with  a  detonator.  The  following  equation  shows, 
roughly,  the  decomposition,  and  the  large  amount  of  carbon  set 
free  exjiloins  the  black  smoke  produced: 

2CH»C.H,(N0,),  -» 5H^  +  3N,  +  6C0,  +  8C. 

6.  Organic  compound*)  of  another  class,  the  alcohols  (q.D.),  inter- 
net with  moU'cnhir  nitric  acid  in  a  different  way.  The  liitter  is 
mixed  with  sulphuric  add,  which  as^sts  in  the  removal  of  the  ol^- 
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mentfl  of  water  (p.  286),  Thus,  when  glycerine  is  added  slowly  to 
the  pooled  mixture,  glyceryl  nitrate  (Bo-called  Dltroglrcarine)  is 
produced: 

Cai,(On),  +  3HN0,  —  C,H((NO.))  +  3H,0. 

Ouneotton  ia  made  by  this  actioa,  cotton  (cvUulose)  being  em- 
ployed: 

(CHwOs),  -1-  6HNO1  -*  CwH«0*(NO,).  +  6H,0. 

7.  Nitric  acid  produces  substancM  of  bright-yellow  color,  knot 
as  nathoprotelc  uida,  when  it  comcs  in  coDtnet  with  proteins,  e.g., 
in  the  skin,  or  in  wool.  Hence  nitric  «cid  stains  woolen  clothing 
yellow.     This  roictioD  t«  a'^d  as  n  t«.<tt  for  proteins. 

yitratea.  —  The  iiitratt^  are  all  more  or  less  easily  soluble  in 
Wiitcr.  When  hwited  tlipy  decompose  in  one  or  other  of  three  ways 
(sec  pp.  351,  356.  357).  The  individual  nitrates,  such  as  sodium 
nitrate  and  potassium  nitrate,  are  described  elsewhere. 


Nitric  Oxidk  and  NrntooEN  Tetroxidb 

Preparation  o^  Sitric  OxiJe  jYO.  —  Pure  nitric  oxide  is  ob- 
tained b.v  adding  nitric  acid  to  a  iKtiUiin  solution  of  ferrous  sulphate 
in  dilute  sulphuric  acid  or  of  ferrous  chloride  in  hydrochloric  acid: 


2FcS0,  +  HjSO, 
(3H)  +  HNO, 


6FeS0,  +  3H2SO*  +  2HN0, 


►  Fe,(S04),(+2H)    XS.        (1) 
•  NO  +  2HjO  X  «.        (2) 

►  3Fe,(S0,),  +  2N0  +  4HA 


The  first  purtitil  equation  does  not  take  plnt^  at  all  unless  an  oxi- 
dizing agent  like  nitric  .^cid  is  present  (p.  225),  The  rnuiti plication 
of  the  two  pitrtial  equations  by  3  and  2,  respectively,  is  required  in 
order  that  the  hy<h-ogen,  which  is  not  a  product,  may  cancel  out. 
This  Action  is  used  us  a  mean»  of  detemiininK  the  quantity  of 
nitric  acid  in  a  solution,  or  of  nitrates  in  a  mixture,  by  me-asure- 
ment  of  the  volume  of  nitric  oxide  evolved. 

As  we  shall  see  (p.  35-1),  nitric  oxide  may  also  be  obtained  when 
sufficiently  dilute  nitric  acid  (sp.  gr,  1.2)  acta  upon  copper.  This 
interaction  furnishes  the  most  convenient  method  of  generating 
the  ^  in  the  laboratory  (see  also  p-  352), 
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Propi!rli«yi  <^  Nitric  Oxide.  —  Nitric  oxide  U  a  colorless  guB. 
lu  solid  form  it  melt«  at  -  167",  and  the  liquid  boils  ut  - 153.6°. 
Its  solubility  iii  water  is  alight.  The  density  of  the  gas  shuws  the 
foniiulu  to  be  NO;  and  there  is  no  teodeiu^  to  form  a  polymer, 
such  aa  N,Oj,  even  at  low  t«niperatufes. 

This  gas  is  the  mnst  stable  of  the  oxides  of  nitrogen.  Vig- 
urously  Ijurning  phosphorus  continues  to  burn  in  the  gns,  nitrogen 
being  set  free.  Burning  sulphur  and  an  ignited  taper,  however, 
are  extinguished. 

Nitric  oxide  has  two  characteristic  chemical  properties.  It  unites 
directly  with  oxygen  in  the  cold  to  form  tJie  reddish-brown  nitrogen 
tetroxide: 

2N0  +  Oj  Ti  2N0fc 

The  same  result  follows  when  it  in  led  into  warm  concentrated 
nitric  acid:   NO  +  2HN0,  j=!  3N0j  +  H,0. 

It  also  unites  with  a  nunilxT  of  mits,  the  compound  in  the  ciutt^  of 
ferrous  sulphate,  FeN0.80«,  beuig  capable  of  existence  in  iwlutiou 
and  po(<sessing  a  brown  color.  Since  ferrous  sulphate  will  Gnt 
reduce  nitric  acid  to  nitric  oxide  (p.  350),  and  the  excess  of  the  salt 
will  then  give  a  brown  color  with  the  product,  a  delicate  test  for 
nitric  acid  is  founded  upon  these  actions. 


Preparatian  of  yitragen  Tetroxide  jVOj.  —  This  subatance 
is  liberated  by  heating  nitrates,  other  than  those  of  potassium, 
sodium,  or  ammonium,  such  as  lead  and  copper  nitrates: 

2Cu(N0,),  -  2CuO  +  4N0,  +  Oi. 

The  oxide  of  the  metal  remains,  ddIcks  this  oxide  is  it«clf  decom- 
posed by  hcnting  (p.  60).  WTien  the  mixed  gases  are  led  through 
a  U-tutw  inimcrstid  in  ice,  the  tetroxide  condenses  as  a  yellow 
liquid  (b.-p.  22°,  m.>p.  — 10.5°),  and  the  oxygen  passes  on. 

The  compound  may  also  be  made  by  <Urect  union  of  nitric  oxide 
and  oxygen,  or  by  oxidation  of  nitric  oxide  by  concentrated  nitric 
acid  (p.  351).  It  is  likewi.*e  almost  the  sole  product  of  the  inter- 
action of  cjyncentraUd  nitric  acid  with  tin  or  copper  (see  p.  355).  If 
any  nitric  oxide  were  produced  by  the  primary  action,  it  would 
be  oxidized  to  nitrogen  tetroxide  in  pasnng  up  through  (he  acid 
(p.  35:). 
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Properties  qf  IS'itrogen  Tetroxide,  —  The  most  striking 
peculiarity  of  this  gns  i»  that,  when  hot,  it  is  deep  brown  in  color, 
Aod  when  cold,  pulo  yi^IIow.  The  dcosity  of  the  brown  gas,  at  140°, 
comeptHidK  to  the  formula  NO),  that  of  the  yellow  gas  at  22°,  to 
N1O4.  When  the  t^mpiTaturc  is  carried  above  l&t',  by  pairing  the 
brown  gas  through  a  red-hot  tube,  the  brown  color  disappeartt,  and 
nitric  oxide  uiid  oxygen  ure  forniud.  On  cooling,  the  same  steps 
through  brown  gas  to  piile-ycllow  gas  are  retraced: 


2NO  +  0, : 

CaloHoH 


:2N0l5=*NA 

BraiRi        CoIoiImb 


Since  nitrogen  tetroxide  yields  free  oxygen  more  readily  than 
does  nitric  oxide,  phosphorus  burns  rt-adily  in  it;  a  taper,  however, 
is  extinguished.  Ou  account  of  its  oxidizing  power,  it  ia  sometimes 
used  in  bleuching  flour. 

This  oxide  is  intermcdiuti;  in  eoinpo^tion  between  nitrous  and 
nitric  anhydrides,  and,  when  di^olved  iu  cold  water,  gives  bolh 
nitric  and  nitrous  acids:  N,0,  +  HjO  -*  HNO,  +  HNO*.  If  a 
baac  is  present,  u  mixture  of  the  nitrate  and  nitrite  of  the  metal  is 
produced.  Vilxca  the  water  is  not  cooled,  the  nitrous  acid  iq.o.), 
beiMg  tiii-itable,  (pvcs  nitric  oxide  and  nitric  acid:  3N0t  +  HjO 
F*  2HN0,  +  NO. 

Nitric  Ann  fbow  ATMoaPHBitic  NrrROOBN 

The  Reaction*  lntx>lved.  —  Nitrogen  and  oxygen  have  no 
tendency  to  unite  at  room  tem|)erature  to  form  nitric  oxide.  The 
union  ia  endothermai,  and  is  therefore  favored  by  a  high  temper- 
ature (Vaii't  Hoff'a  law,  p.  1.S8): 

N»  +  0,  +  43,200  cal.  jzt  2N0. 

Even  at  2000",  however,  using  atmospheric  air,  only  1  per  cent  of 
nitric  oxide  is  formed,  and  at  3000°,  5  per  cent.  The  electric  dis- 
charge actually  used  gives  alx>ut  i  per  cent. 

The  mixture  ia  next  eooUd,  to  permit  the  union  of  2N0  +  Oi 
*3  2N0j,  because  (p.  352)  nitrogen  tetroxide  is  decomposed  at 
about  IM",  and  therefore  cannot  be  formed  at  2000°. 

Next,  the  air  enntaining  NOi  i.'*  p.i.'«iiod  through  absorbing  to>vers, 
down  which  water  trickles,  and  nitric  acid  is  formed: 

3N0i  +  HjO  ^  2HN0j  +  NO.  .    
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The  NO  liberated  combines  nith  more  atmoeplteric  ox>'g«ii  to 
form  NOi,  which  intoracte  agam  with  the  water,  and  practically 
no  nitric  oxide  is  loHt. 

Finally,  Ibe  nitric  acid  is  poured  upon  limestone  (CaCOa),  and 
tho  calcium  nitrate  formed  is  sold  for  am  as  a  fertilizer,  under  the 
iiuiuo  air  saltpeter. 

The  Plant   used  in    the  Fixa* 
lion.  —  At  Notoddcn  and  elsewhere 
iHr»«.,  in    Norway,    the 

B!rfc«Iand-B7d« 
process  (Fig.  90) 
is  used.  Hydro- 
electric power  is 
employed,  and  an 
arc  discharKP  be- 
tween two  roda  of 
carbon  is  spread, 
by  the  influence  of 
[arge  and  powerf u! 

electromagnets,  into  a  circular  brush  discharge 
M'vcrai  feet  in  diameter.  The  figure  is  a  (to.S8 
eectiuu  of  the  space  hllcd  by  the  discharge,  the 
Kmall  circle  is  the  center  being  a  section  of  one 
carbon  rod.  Air  ix  blown  through  the  Bame  in 
such  a  way  that  none  can  avoid  passing  through 
at  least  a  part  of  the  he^tted  area.  The  >ield  i» 
nlx>ut  70  g.  of  iiilric  acid  per  kilowatt^hour,  and 
the  net  earnings  are  $350,000  (191 1). 

The   Badlsoha   procssi,    used    in    ttie   aame 
factories    in    Norway,   employs    a    discharge 
through  a  tube  over  20  feet  long  (Fig.  97). 
The  stream  of  air  rotates  as  it  traveraea  the 
tul)c,  su  that  every  part  is  exposed  to  the  dis- 
charge.    The  Pauling  proems,  used  at  Gelsea- 
kirchen  in  Germany  ruid  Nilrolee,  South  Can^ 
Una,  uacs  preheated  air  and  a  ihffercnt  arrangement  of  the  discharipie. 
For  otlicr  naictions  involving  the  fixation  of  atmoflpheric  nitro- 
gen, see  calcium  cyanamide  {q.t>.)  and  root  nodules  (p.  339). 
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OxiDtziNQ  Actions  op  Nitbic  Acid 

When  nitric  add  gives  up  oxygen  to  any  body,  it  is  itaelf  reducetl. 
Heitoe,  according  to  cooveoience,  we  sbidl  refer  to  oxidations  by, 
or  reductiona  of  nitric  ncid. 

Oxidation  of  Hydrogen.  —  The  metals  preceding  hydrogen 
in  tho  electromotive  series  (p.  260)  difplace  bydrogPii  from  lutric 
uoid,  iks  they  do  from  other  acids.  With  melals  nioro  active  than 
ztno,  such  iu)  magnmum,  a  great  part  of  the  hydrogen  escapes  in 
the  free  condition.  But,  in  the  case  of  isinc  and  the  metals  beJow  it, 
most  or  ail  of  the  hydrogen  is  oxidized  to  water  by  the  nitric  acid, 
aii<i  part  of  the  acid  is  reduced  {see  .Active  hydrogen,  p.  360). 
Thus,  with  uinc  and  ivry  dilute  nitric  acid,  almost  the  only  product, 
aside  from  zinc  nitrate,  is  ammonia: 


4Zn  +  8HN0, 
(8H)  +HXO, 
NH,  +  HNO, 


•  4Zn(NO,)s(+8H). 

.  Nft  +  3n,o. 
.NH4N0,. 


(1) 

(2) 

(3) 


4Zn  +  10HNO.-*-iZn(NOi),  +  NH,NO)  +  3H,0. 


With  the  cxces  of  nitric  acid  (^,  ammonium  nitrate  i«  formed. 

Heavy  MetnU.  —  The  less  active  metala,  such  as  copper  and 
Bilver,  do  not  displace  hydrogen  from  dilute  acids  (p.  60),  but 
reduce  nitric  acid,  nevertheless,  and  arc  converi«d  into  nitrates. 
I'latitium  and  gold  (c/.  p.  287)  aluue  are  not  attacked.  Thus, 
copper,  with  Homewtmt  diliUcd  nitric  acid  (8p.  gr.  1.2),  f^veseupric 
nitrate  nnd  nitric  oxide  NO. 

In  making  tbo  •guation  for  this  action  wc  may  u»e  the  anhrdrida 
plan  (p.  32.5),  which  is  applintlile  whenever  aji  oxygen  acid  gives 
au  oxide  by  reduction.  \W  rertolve  the  formula  of  nitric  acid  into 
those  of  water  and  the  anhrdride  HiO,NiOt(=  2HN0t).  This 
shows  that  the  two  molecules  of  the  acid  will  give  2N0,  and  30 
will  remain: 


2HN0,  (or  H,0,N,0»)  ■ 
(30)+fiHN(>»  +  3Cu 


♦  H,0  +  2NO{+30). 
■  3H,0  +  3Cii(NO,)j. 


SHNOs  +  3Cu  —  4H.0  +  2N0  +  3Cu(N0,),. 

The  nitric  oxide  is  liberated  as  a  colorless  gas,  but  forms  the  brown 
tctroxido  at  once  on  meeting  the  oxygen  of  the  air  (p.  351). 
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When  eaneetUrabtd  nitric  uciU  itj  used  with  cupper,  ftLiuost  pure 
nitrugeti  tctruxide  is  obtuiuoci: 


2HNO,  (or  H,0,N,0») 
(O)  +  2HNOi  +  Cu 


.H,O  +  2N0,(+0). 
.  H,0  +  Cu(NO.>,. 


4HNt>,  +  Cu  -.  2HiO  +  2N0,  +  Cu(NO,),. 


(I) 
(2) 


The  reader  fihould  note  th«  constant  production  of  niuic  oxide  with 
diluted  nitric  acid,  ant]  the  invariable  formation  of  oltrogea  t«troxide 
with  eoneentrated  aeld.  This  is  explained  by  the  fact  that  nitrogen 
tctroxide  cannot  pass  unchanged  through  a  liquid  containing  much 
wab^r.  for  it  gives  nitric  acid  and  nitric  oxide  w-ith  the  latter  I  p.352). 
Conversely,  where  the  nitrie  ncid  is  conecntrated,  nitrie  oxitle,  even 
if  formed  by  the  interaction  with  the  metal,  must  be  oxidized  to 
nitrogen  tetroxido  as  it  pasacs  up  thruugli  the  liquid  (p.  351). 
Note,  ubo,  that  the  uilr!il«  of  the  metal  i«  formed,  if  the  uitrate  iti 
not  hydrolyzed  by  water,  not  the  oxide. 

Oxidation  of  A'o/i-.Wela/s.  —  With  non-mctalx  the  actions  are 
different,  in  so  fur  Ihjil  tlHrsi-  okrmcnta  form  no  nit.rivtt-j!.  Thus 
Kulphur  boiled  in  nitric  ncid  gives*  sulphuric  iteid,  along  with  nitric 
oxide,  c<tuation  (3),  or  with  nitro^n  t^troxide,  e(|uation  (6),  or 
with  both,  according  to  the  concentration  of  the  acid  (see  above): 


2HN0,  (or  H,0,NA)  - 
(30)  +  n,o  +  S 


2HN(S  +  8  ■ 
2HN0,  (or  H,O,N,0.) 
(30)  +  H,0  +  S 


2N0  +  HiO  (+  30). 

•H>SO..  

2N0  +  HjSO*. 

2NO,  +  H,0  +  O      X  a. 

HjSO^. 


6HN0,  +  S  —  6N0,  +  2n,0  +  HjSO*. 


(1) 
(2) 
(3) 
(4) 

(6) 


The  reader  n-ill  note  that  a  separate  equation,  (3)  and  (6),  must 
be  nmile  for  the  formation  of  each  reduction  product.  !f  NO  and 
NOj  are  both  formed,  they  cannot  arise  from  the  same  molecule 
of  nitric  acid.  They  result  from  two  actions  which  are  independent, 
although  proceeding  concurrently  in  the  same  vessel  (cf.  p.  317). 
Thus  the  equation:  2IIN0i  +  C  -'  H,0  +  CO,  +  NO  +  NO,,  is 
a  misreprciK'titatioii.  It  implies  that  equimolar  quantities  of  the 
two  oxides  of  nitrogen  are  formed.  But  this  could  occur  only  by 
cbaoce,  and  the  bulance  would  be  destroyed  the  next  moment  by 
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the  lowering  in  tbe  conoenttation  of  the  add,  ^ving  the  sdvantage 
to  the  nitric  oxide. 


Oxidation  of  Compounds:   Atjua  Renin.  —  Compounds  lOce : 
hydrogen  sulphide  and  sulphuroua  acid,  which  are  easily  oxidized, 
interact  with  nitric  acid.     With  diluted  nitric  acid,  the  products  are  i 
fret  sulphur  and  sulphuric  add  respectively. 

The  mixture  of  nitric  acid  and  hydrochloric  add  ifl  known  aa ' 
aqtM  regia.     Chlorine  is  set  free  by  the  oxidation  of  the  hydro- 
chloric add, 

HNO,  +  3HCI  —  2H,0  +  CU  +  NOO, 

and  uitrosyl  chloride  NOCl  \s  also  formed.  The  liquid  thus  con- 
teins  several  oxidizing  agents,  nitric  acid,  hypochlorous  acid  (from 
CIj  +  HiO),  and  some  nitrous  acid.  It  is  frequently  used  in 
analysi.1,  for  example  to  oxidize  sulphur  (say,  in  cast  iron  or  in 
minerals),  the  sulphuric  acid  formed  being  estimated  by  precipi* 
tation  and  weighing  of  barium  sulphate  (p.  287). 

Aipui  regia  (1-at.,  royal  water)  received  its  name  because  it  oon«J 
verted  the  "noble"  metals,  gold  and  platinimi,  into  soluble  com-j 
I>oiinds.     This  it  does  because  the  free  chlorine,  in  pre.ience  of 
liydrochloric  add,  combines  to  form  the  exceedingly  stable  com- 
plex inns  (see  pp.  flOS,  SOS)  Au('U~  (see  chlorauric  add,  and  PtClj™, 
the  negative  ion  of  cbloroplatinic  acid; 

2HCI  +  2CU  +  Pt  -» HJHa*,  or  Pt  +  2Clj  +  20!'-*  PtCI(=. 


Nrr«ou»  Acid,  HrPONn'ROus  Acid,  and  theih  Anhtdrides 

Nitrites  and  yilrotu  Acid.  —  When  the  uilratcw  of  potassium 
and  sodium  are  hutted,  they  lose  one  ujiit  of  oxygcu,  and  the 
□itritw  remain: 

2NaN0»  —  2NaN0»  -I-  Oi- 


Commonly  lead  is  stirred  with  the  melted  nitrate  and  aSEastA  in  the 
removal  of  the  oxygen.  The  Utharge  PbO  which  is  formed  re- 
mains as  a  residue  when  the  sodium  nitrite  is  dissolved  for  ru- 
ftystatlization. 

When  an  acid  is  added  to  a  dilute  solution  of  a  nitrite,  a  pale-blue 
solution  containing  nitrous  »cid  UNOt  is  obtained.     The  add  is 
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very  unstable,  however,  and,  wbcn  the  solution  ia  wanned,  it  dc- 
coiupost^: 

3HN0,  -*  HNO,  +  2N0  +  H,0. 

Whvit  »  concentrated  solution  of  eodiuui  nitrite  (or  th«  »o1kI  mit 
itself)  i»  Acidified,  the  nitrous  a«id  decomposes  at  once,  and  a  bruwii 
gas  containing  the  uuhydride  eecapoe: 

2H+  +  2N0i"  t*  2HN0,  ts  H,0  +  NAT- 

Thi^  beimvior  diatinguiiUies  a  nitrite  from  a  nitrate. 
Nitrous  acid  ia  an  active  oxidixing  agent: 

2HI  +  2HN0j  (or  H.O,N,0,)  -^  2H^  +  2N0  +  I,. 

ln<itgo  is  also  converted  by  it  into  isatin  (^.  p.  311). 
Nitrous  aeid  is  mucb  u«cd  in  the  niuJcing  of  organic  dyes. 

IS'itroiis  Anhydride  iVgOa*  —  A  study  of  the  density  of  the  gus 
arising  from  the  deeoinpositiun  of  nitrous  acid  shows  that,  in  the 
gaseous  state,  the  unhydride  is  uhuost  entirely  dissociated: 

N,0,  fi  NO  +  NO,. 

When  the  mixture  is  led  tlirougb  «  U-tube  immersed  in  a  freezing 
mixture  at  —21%  s  deep-blue  liquid  is  obtained  which  is  the 
anhydride  itself.     This  dissociates  rapi<lly  when  allowed  to  boil. 

The  Slime  eciuiniolar  mixture  of  the  two  gases  is  obtained  by  ths 
action  of  water  on  nitrosj'Isulphuric  acid  (p.  281). 

HyponitrouH  Arid  and  iSitroua  Oxide  jV^O.  —  Ilyponitrous 
acid  HjNjfJa  is  a  whit«  solid.  Its  solution  in  water  is  an  exceed- 
inf^y  feeble  acid.  The  warm  aqueous  solution  decomposes  8lowi>', 
giving  nitrous  oxide: 

HiNA  -»  H,0  +  NA 

and  this  change  is  not  capable  of  reversal. 

Nitrous  oxld«  is  pre{>ared  by  gently  heating  ammonium  nitrate 
(lin  explosive),  or  ft  solution  of  n.  salt  of  Aniiiioniura  and  a  nitrate: 

NH*+  +  N0|-  r^  NRiNO,  -  2H,0  +  N,0. 

The  steam  condenses,  and  the  nitrous  oxide  may  be  collect4?d  over 
warm  water,  or  be  dried  and  compressed  into  sbcol  cylinders. 
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Ita  solubility  in  cold  wiiter  is  cumiderublc:  ut  0°,  130  volumes  in 
100;  ut  25°,  60  in  100.  Thi;  liciuufivd  glut  boils  »t  -89.S°  and  its 
vdpor  tension  at  20"  i»  19.4  utiaosjilierut. 

A  glowing  »i)lintor  uf  wood  bur^s  into  flune  in  tiitrous  oxide, 
and  phosphorus  and  sulphur  burn  in  it  with  much  th«  same  vigor 
as  in  oxygen.  In  nil  cnsfts  oxides  are  formed,  and  nitrogeu  is  set 
free.  It  docs  not  combine  with  nitric  oxide,  however,  as  does 
oxyjje-D  (p.  351). 

MetnlH  do  not  rust  in  nitrous  oxide,  and  the  hnmoglobin  of  the 
blood  is  unable  to  usr  it.  as  »  source  of  oxygen.  It,  is  employed  as  an 
ansstJietie  for  minor  operations.  The  hysterical  sjTiiptrOms  which 
accompany  its  use  cauaed  it  to  receive  the  name  of  "  laughing  gas." 

Graphic  Formula  of  Mitritr  Aeid  and  tt.i  Derimttt^a:  Ex- 
ploaivea.  —  The  following  equation  for  the  formation  of  am- 
monium nitrate  by  neutrahzation  of  anunonium  hydroxide  with 
nitric  acid  shows  the  graphic  (p.  292)  or  structural  formuItB  of 
these  substances: 

"n  O  " 

S'^N-OH+H-O-Nf 
ay  %, 


H-' 


■0 


The  structural  formula  of  the  nitrate  is  intended  to  explain  the  fact 
that  the  salt  is  able  to  exist  at  all,  by  representing  the  oxygen  and 
hydrogen  its  being  si-pitratcil  from  one  another  and  attached  to 
different  nitrogen  unilj«.  Wlien  the  c(iuilibriuin  of  the  system  is 
disturlLK'd  by  h^-ating,  the  oxygen  and  hydrogi-'n  unite  to  form 
water,  an  arrangement  which  is  much  more  stable,  and  nitrous 
oxide  (p.  357)  escapes  with  the  steam. 

The  behavior  of  nitroglycerine  and  guncolton  (p.  350),  as  well 
as  of  ammonium  nitrite  (p.  338],  is  explained  in  the  same  way. 
These  substances  are  made  by  actions  which,  like  the  above 
neutralization,  take  place  in  the  cold,  and  the  groups,  containing  the 
oxygen  on  the  one  hand  and  carI)on  and  hydrogen  on  the  other, 
become  quietly  united  without  more  serious  interaction.  ^^'heD, 
however,  the  nitrof^ycerine,  for  example,  is  heated,  or  receives  a 
mechanical  shock,  the  carbon  and  hydrogen  unite  with  the  oxygen 
and  the  nitrogen  escapee: 

4C,H*(N0,).  -» 12C0,  +  lOHiO  +  6N,  +  0*. 


OXIDES  AND   OXYQBN  ACIDS  OP  KirROOEN 


369 


Smokeleag  Powder  oftd  Ifynamitv.  —  Dried  guncotton  (p. 
350)  simply  burns  briddy  (defii^nites)  when  set  on  fire.  Whether 
wet  or  dry,  it  explodes,  but  only  from  a  suitable  shock,  such  as 
that  produced  by  fulminate  of  merciirj'  Hj;(OCN)j,  used  in  per- 
cuw<ion  caps.  In  pure  form  it  is  usetl  only  in  torpedoes  or  sub- 
marine  niiaee.  Like  nitroglycerine  (p.  350),  it  explodes  too 
rapidly,  and  would  burst  the  gun,  or  pulveriie  the  ore  or  coal  if 
uaed  for  )>lastiiiK.  Neither  of  thc^te  sulHitanoes  "explodes  dowD> 
warda  only."  The  exploaon  »ftrikes  the  air  with  equal  violenoe, 
but  the  effect  on  the  air  escapes  notice  because  it  ia  not  permanent, 
while  the  Bhattering  of  a  rock  or  plate  of  steel  remains. 

Conllte,  one  variety  of  smokpless  powder,  is  made  by  dissolving 
guncotton  (65  parts),  nitroglycerine  (30  parts)  and  vaseline  (5 
parte)  in  acetone.  The  resulting  paste  is  rolled  out  and  cut  into 
small  pieces.  When  the  acetone  evaporates,  the  homy  cordite 
remains.  These  expIoi<iv(^s  arc  smoktks»  because,  unlike  gun- 
powder and  T.N.T.,  they  yield  no  solids  when  they  deoompoae 
(see  equations). 

Various  forms  of  dynamite  are  made  like  cordite,  exo^ing  that 
sodium  or  ammonium  nitrate  and  sawdust  or  flour  are  added,  so 
that  the  rate  of  explosion  may  be  regiiUited  and  the  coal  or  ore  may 
be  split  up,  but  not  shattered  or  pulverized. 

Plaattct.  —  A  guncotton,  li>a»  completely  "nitrated"  by  nitric 
acid,  when  worked  between  rollers  with  camphor  and  a  little 
alcohol,  pves  a  viscous  solution  (Parkes,  before  1855).  When  the 
^cohol  evaporates,  transparent,  colorless  celluloid  (first  made  by 
Hyatt)  remains.  The  moist  dough  is  rolled  into  sheets  to  make 
photographic  films.  By  adding  dyes  and  "fillers,"  and  molding 
the  dough,  black  combs,  brush  handles,  white  knife  handles,  etc., 
can  be  manufactured. 

Collodion  is  a  solution  of  the  same  guncotton  in  a  mixture  of 
alcohol  and  ether.  When  collodion  is  forced  through  minute  boles 
in  a  steel  dye,  the  threads  dry  as  they  come  out  and  can  be  n'ound 
on  spools.  Tredtment  with  an  alkali  "  dcnitnitca  "  the  tbrcad)!, 
restoring  the  composition  to  that  of  the  original  cotton.  The  prod- 
uct, one  of  the  forms  of  artlflclal  tUk,  is  at  l<-:i«t  as  brilliant 
real  article  (a  protein,  not  rehited  choinically  to  cotton),  and 
ceptible  of  being  dyed  to  any  diwired  tint. 


■  prou-     J 
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Balancing  Equations.  —  The  reader  should  practice  t 
balancing  of  the  equations  for  oxidatians  occurrinK  in  this  clmpter, 
uaiiig  all  tlie  tueth(xts.  Wfl  liave  used  the  anhydride  plan  (p.  355) 
and  that  of  partial  equations  (p.  350J.  To  ilhi»tratc  thtt  olber 
plane,  take  the  action  of  coinceatrated  mtri<;  ai:id  on  copper  (p. 
35R). 

Positm  and  negalirt  valeiux  method  (p.  322).  Write  the  skeleton 
equation: 

SkeUton:        UNO,  +  Cu  -»  H=0  +  NO,  +  Cu(NO,),. 

Wc  perceive  that  on  the  left  the  valence  of  Oj  is  —6  and  of  H  is 
+1 :  that  of  N  is  therefore  +5.  That  of  Cu  is  (cro.  On  Ihc  right, 
the  valence  of  N  ia  +4  and  of  (.'ii  +2.  Evidently,  2N  i-houging 
from  2  X  +5  to  2  X  +4  will  furnish  +2  for  the  copfx-r.  W« 
not*  also  that  2N()]  is  reqiiiretl,  without  fhfl.n((p,  for  Cij(NOj)j. 
Hence,  altogether  4liN0»  ia  needed  on  the  left,  and  gives  2NC>,: 

Balanctd:    4HN0,  +  Cu  -.  2HaO  +  2N0i  +  Cu(NO,),. 

Positive  dectrieal  charge  plan  (p-  325).  In  the  skeleton  equation 
(above)  we  first  separate  the  oxidizing  ions  and  tlicJr  products  from 
the  oxidized  substaiiee  and  the  change  it  undergoes; 


NOr  +  2H* 

Cu"  +  2® 


■NO,<'  +  H,0+®       x«. 


Cu"  +  2N0i"  +  4H+  -» 2N0I,"  +  2H,0  +  Cu++. 

The  first  p<irti»l  equation  produces  ®,  while  the  second  requires 
2  ®,  and  hence  the  former  is  multiplied  by  2  before  the  addition 
takes  place.  Since  N0»~  is  the  only  acid  radical  preaeut,  it  i« 
understood  that  cupric  nitrate  is  the  salt  formed. 


Active  {" ?iaitcent")  Hydro/ten.  —  Wheji  hydrogen  gas  is  led 
through  (»kl  nitric  acid,  little  or  no  action  occurs.  But  (p.  354) 
when  iM\c,  which  interacts  with  acids  to  give  hydrogen,  is  placed 
in  nitric  acid  the  latter  is  reduced.  To  explain  the  apparent 
greater  activity  of  the  hydrogen  in  the  second  instance,  we  note 
the  fact  that  it  is  liberated  on  the  aurface  oflhezinc.  The  contact 
(catalytic)  effect  of  the  zinc  increases  its  activity.  Many  nietaU 
have,  in  a  greater  or  Iciw  degree,  this  power  of  increasing  the 
activity  of  hydrogen.    Thus,  hydrogen  absorbed  in  platinum  or 
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pslliutiuni  (p.  57)  or  Uboratcd  by  elcrtrolyKis  on  pole*  made  of 
thcs(>  mctuls,  rpduws  nitric  acid  readily.  Otht^r  dcmcntx,  such  as 
the  oxygt-ii  used  in  milking  sul[>liur  Irioxide  (p.  279),  urc  also  ren- 
dcrt-d  more  nctive  by  coiitnt'l  »gent8. 

This  more  «ctivi>  attilc  uf  hydrugi'u  i»  dn^crilfcd  us  the  nucent 
ataX*.  Ix-ejiusv  il  hiip[H.-ii»  to  be  a  common  conditioti  of  hydrogen 
when  luuKK^iuted  with  Hubatiuiccs  which  product  il.  The  jietive 
statv  hiut,  howevprp  no  nocessury  eounectioii  with  i^uch  »n  imtnedi- 
st«ly  preceding  set  of  Hbcrution,  ns  the  platinum  and  sulphur 
trioxidc  illu^lnttions,  and  the  following  cxiwriment  show:  Thriv 
test-tubes  are  filled  with  dilute,  ucidificd  potassium  [H'rinKngiimite 
solution.  Xiiic  dust,  added  to  one,  ^neratea  hydrogt-n  and  eauws 
decdorizatiou.  A  litt!«  platinum  blaek  is  added  to  the  second,  and 
hydrogen  gas  is  led  through  this  and  the  third.  The  contact 
aetion  of  tlie  platinum  enables  the  hydrogen  quickly  to  reduce 
the  pemiaugauate,  while  the  third  portion  remains  unaltered. 

Besides,  if  the  action  were  due  to  freshly  hberated,  perhaps 
atomic  hydrogen,  this  sulwtaiice  should  have  constant  properties. 
But  it  has  not.  ThuB.  nitric  iicJd  with  zinc  gives  much  ammonia; 
with  magnesium,  none;  with  tin,  ammonia  and  hydroxylamine 
HONH,  as  well. 

Exerciae».  —  I.  Make  the  equation  for  the  interaction  of 
ferrous  chloride,  hydrochloric  acid,  and  nitric  acid  (p.  350),  and 
for  all  the  actions  concerned  when  the  test  for  a  nitrate  (p.  351)  is 
applied  to  sodium  nitrate.  What  volume  (at  (f  and  7G0  mm.)  of 
NO  is  obtained  from  one  formula- weight  of  nitric  acid  (p-  350)? 

2.  In  the  action  of  zinc  on  dilute  nitric  acid  (p.  35-1),  why  i»  not 
the  ammonia  given  off  as  a  gas?  How  should  you  show  that  it  was 
formed  at  all? 

3.  Make  correct  e(juatioiis  for  the  formation  of  nitric  oxide  and 
nitrogen  tctroxidc  by  tlio  action  of  carbon  on  nitric  add  (p.  355). 

4.  Make  eiiuatioiLH  for  the  interaction  of  iron  with  diluted  and 
with  concentrated  nitric  acid,  respectively  (p.  355).  The  iron  gives 
ferric  nitrate  FefNOt)i. 

5.  Give  the  three  ways  in  which  nitrates  decompoae  when 
heated,  with  one  equation  illuslrating  each. 

6.  Make  all  the  o(tu.itions  for  oxidations  on  pp.  350  and  354, 
using  the  methods  illustratetl  on  p.  360. 
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CHAPTER  XXVII 
PHOSPBOBUB 

The    Cbemlval   Hetatlonii   of   f/ie   Etentent.  —  There    are 

iiiiiiiy  tliiiigtj  ill  tliK  chi'iiibtry  of  plioHphorus  and  its  compoimdB 
whii^li  rtiiuiiiil  lid  i)f  iiitrugftii.  Vut  tlmaa  uru  largely  referable  to 
tliii  fiM^t  tlitit  the  (^Ic.iniMita  arc  both  iion-inetiils  iiiid  both  have  the 
Biiiiui  vtileiinv,  vix.,  tlii'<H!  1111(1  five.  Tlic  behavior  of  the  com- 
IMiimda  la  tifteii  very  diffennit.  Pur  tlio  present  it  ia  sufficieat  to 
luiy  I'l'ttt'  l>t)t'l>  Sivi)  t^iiiiiMtiiuU  with  hydro){eii,  NHg  nnd  PEti,  and 
iHttli  yitild  oxitliw  of  the  foriiu  X|0«,  XjOt,  i\nd  XiO|.  The  first 
lUid  laat  of  tlutse  oxiden  tvrt>  ticiil-furiiiing,  a»<l  phosphorua,  there- 
liiTv,  givtu  ttiuda  (lorreoptiiuliiig  to  iiitroua  and  nitric  acids.  Tlie 
(ileiutfiit  is  thvis  a  iiuii-nietul. 

0(>4'urr«fif«.  —  This  element  is  found  in  nature  in  the  form  of 
l>lkkts|iha(tti.  l~'aleitun  phcwphtitv  Ca»(PtVi  forms  26  per  c«it  of 
X\w  ^nuu^a  And  teeth,  and  it  oi'eurs  in  all  fertile  seals.  It  consti- 
tntw  a  lar^  part  tJ  the  ''phosphate  nx-k"  of  t.'ieoi^.  Florida, 
the  IViMilinaa.  'IViinesBee,  and  of  AI|^rta  and  Tunis.  A  con- 
^xii'tKius  mineral  relalt\l  to  this  subi^tan(.-e.  apatite.  Ca»Fi,PQ()i 
aiut  iX^^tvl\V>'  is  fvtuud  in  lar^  quantititi$  in  Oaoat^  and  b 
a  <\'init»i.iiwent  i>f  tuanv'  rvvks.  t\>mt>lex  vvjcuuo  i\<mpt>uiMfe  of 
l>h<.>Eti>h<.vus,  sueh  a*  Within,  are  ei^iiv'nlial  cvustifjeati*  of  the 
muscU'ct,  the  nerveci.  and  the  brain.  .\atv^ugst  f<xx^  ejii^yolk^ and 
beaiui  i.\>tttaiii  a  targe  (>n,>p<.vliou. 

l*r«|Mva(KN«.  —  Brand.  inen.'han;  and  alcfaetngi.  oi  Hambui:^ 
dlAWvtvvl  pbotfphoru^  ,16«>y  by  .•i.-jri'liTig  she  rtjsid'je  frwn  tjvapo- 
ralevl  uiute,  in  the  ovHirse  of  hi;*  sean.'h  fur  sas  eciksjopher  »  stiMW. 
'[Ike  uKxte  oi  preparing  is  c'rom  NxM-aalk  wbicb  .vaSiiue-  ^  pvr 
*.vnt  uf  calcium  phoi^>hate.  was  arse  iniblisheu  by  S.-3i!«ie  1T71). 
Now  thtj  Ictti  exp«wive  ■.■aii.-iom  ?.*iio<4jfait;e  ct  f'.-aai  ^jrigin  ia 
«iut>'*>>'*id. 
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The  calcium  phosphate  is  mixed  with  the  proper  proportionB  of 
carbon  and  silicon  dioxide  (ssnd),  and  the  mixture  ia  introduced 
continuously  into  an  electric  furnace  (Fig.  98).    The  discharge  of 
an  alternating  current  between  carbon  pole* 
produces  the  ver)-  high  temperature  which 
the  action  requires.      The  calcium  silicate 
which  is  formed  fuses  to  a  alag.  and  can  be 
withdrawn  at  intervals.     Tlic  gaticous  prod- 
ucts pa8»  off  through  n  pipe  uud  the  phos- 
phorus t8  caught  under  wntcr: 

Cs,(PO*)t  +  3SiO,  +  5C  -t  3CaSiO, 

-I-  SCO  +  2P.  -     ^ 


We  may  n>|i^rd  the  phosphate  as  beinK  com- 
posed of  two  oxides,  3f!aO,PiO».      It  thua 
appears  that  the  calcium  oxide  haa  united 
with  the  silica,  which  is  an  acid  anhydride  {cf.  p.  280) :  CaO  +  &0j 
— *  CaSiOi,  while  the  phosphoric  anhydride  haa  been  reduced. 

The  phosphorus,  after  purification,  Is  cast  into  sticks  in  tubes  of 
tin  or  glass,  standing  in  cold  water. 

The  Etvrtrir  Furnarn.  —  By  an  electric  furnace  Ls  undentood 
an  olwtrothennal  tirraiiKfment  in  which  the  be-at  produced  by  some 
rfcsUtance  offered  to  the  current,  such  as  that  of  an  air-0^> 
between  the  <-arlx>ns,  is  used  to  prtxtuce  ehemicjil  changes  ro 
quiring  a  high  temperature.  li3ectrol)'as  plays  no  part  in  the 
phenomena,  and  an  alternating  current,  which  ran  prodiiee  no 
electrolytic  decomposition,  is  generally  employe<l.  The  restricted 
area  within  which  the  heat  is  developed  makes  possible  the  attain- 
ment  of  a  high  temperature  (see  Calcium  carbide). 


Pbyairat  Prapt^rtica.  —  There  are  At  least  two  allotropic  forms 
(p.  222;  of  plioAphonis,  known  as  white  phosphorus  and  red 
phosphoru.s.  Whlt«  pbosphoros,  prepared  a»  deitcribed  above,  i»  at 
firrt  transparent  and  i-dIoHc-w,  but  aft*r  ejqxtsure  to  light  acquires 
A  superficial  coating  of  the  rinl  viu-iety.  It  melt«  at  -M"  and  IxhIs 
at  287°.  Its  Ap.  gr.  is  1.S3.  Its  molecular  weight  at  313^  ia  128 
and  the  formula,  thenfore,  P*  {cf.  p.  111).  Yellow  phnsphonis 
is  soluble  in  carbon  bisulphide,  less  soluble  in  ethex,  and  insoluble 
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ill  wHtcr.  It  in  cxcetx^ii^y  poisouous,  less  ttmu  0.15  g.  being  a 
fatnl  iloAi',  Aiid  i:^  an  titgrctlit-iit  in  roach-paste  and  ral  poison. 
CoutiiiutKl  ex]x>surc  to  its  va}xir  causes  necrosis,  a  disease  from 
whicl]  inatch-iiiukers  arc  liable  tt>  suffer.  Tbe  jawbones  and  teeth 
are  |);irti<iil«rly  liable  to  attack. 

Red  ptaoRpbonu  i.-<  a  red  powder  consisting  of  small  tabular 
crystals.  It  is  obtained  by  heating  yellow  pliosphonis  to  alx>ut 
2!V)'*  in  a  ve^isel  from  which  air  is  excluded.  Much  heat  is  evolved 
in  the  traii.iformation.  Ited  phosphorus  does  not  melt,  but 
passes  directly  into  vapor,  identical  with  that  of  yellow  phos> 
phorus.  It  is  insoluble  in  carbon  bisulphide  and  other  solvents. 
It  is  not  poisonous,  and,  unlike  yellow  phosphorus,  does  not  re- 
quire to  be  kept  ujider  water  to  avoid  spontaneous  combustion. 
Red  phosphorus  appears  to  be  a  solid  solution  (p.  122)  of  the 
white  variety  in  a  leas  active  kind.  Hence,  its  properties  are 
variable,  e.g.,  sp.  gr.  from  2.0.'i  to  2-t4.  Bridgemau,  by  beating 
white  phoephorus  at  200°  under  a  pressure  of  1200  kg./cm*.,  has 
obtained  black  phocphorua  (sp.  gr.  2.69)  which  may  be  the  pure 
form  of  tbe  red  variety. 

Chemical  Properties.  — ■  White  phosphorus  uni^t^s  directly 
with  the  Imlugcua  with  great  vigor.  It  uiiiUs  slowly  with  oxygon 
in  the.  cold,  and  with  Hulpbur  and  many  metals  when  the  materials 
are  heated  togeUH^r.  Tlie  slow  union  of  cold  phosphorus  with 
atmospheric  oxygen  is  acconipnuiod  by  the  evolution  of  light. 
Hence  the  word  pbosphorescvucc.  The  name  of  the  element  (Gk. 
^an,  light;  4>*f>'^,  I  bear)  recxjrds  this  property,  .\pparently  ihe 
chemical  I'lu-rgj-,  transformed  in  connection  with  the  oxidation, 
is  converted,  in  jmrt  at  least,  into  r.idiant  eiiergj'  instead  of  com- 
pletely into  licat.*  The  slow  oxidation  of  phosphorus  is  ao- 
companied  by  tlie  production  of  ozone,  but  the  nature  of  tbe 
action  is  still  unknown  (c/.  p.  219), 

Rad  phuphorus,  since  it  is  formed  with  evolution  of  beat,  con- 
tains leas  energy  than  white  phoephorus  and  is  much  less  acti\'e. 
It  does  not  catch  fire  below  240°,  while  ordinary  phosphorus 
ignites  at  35°. 

*  The  s&tnc  produoUon  of  iijijit  trom  chemical  action  in  a  cold  body  is 
seen  in  the  lurainanty  of  ot^rtuin  parU  of  firefiieti  niul  some  qwcicfl  of 
Sab. 
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Matches. — ^  In  nuikiag  common  matchee,  invented  in  1827, 
the  splints  arc  first  dipped  in  melted  sulphur  or  paraffin  to  the 
extent  of  about  half  an  inch.  The  head  b  often  composed  of 
lead  dioxide  PbO,,  which  supplies  oxygen,  a  small  proportion  of 
free  phosphorus  or  a  sulphide  of  phosphorus  PjSi  which  ia  readily 
ignited  by  friction,  and  dextrin  or  glue.  The  use  of  white  phos- 
phorus is  furbidileti  by  lnw  in  Sweden,  France,  Great  Britain  and 
Svtitzej'lnnd,  and  Is  pret'cat4Kl  by  u  tax  of  two  cents  per  100 
matches  in  the  Unitc-d  States. 

In  the  case  of  ".safety"  matL-hes,  the  mixture  upon  the  hwwl  i« 
not  easily  ipiiteti  by  itself.  It  is  composed  of  potiut^um  ehloratc 
or  (liohromate,  «ome  sulphur  or  antimony  trisujphidc  SbtSj  (com- 
bustible), and  a  little  powdered  gla.-w  or  chalk  to  inercaec  the 
frirtion,  all  held  together  with  ghie.  Upon  the  rubbing  surface 
on  the  box  is  a  thin  layer  of  antimony  trisulphi^Ie  mixed  with  red 
phonphoriiH,  chalk  or  glass,  and  glue.  The  frieUon  eonvertB  a 
little  of  the  red  phosphorus  into  vapor,  which  catches  fire  readily. 


Phonphine.  —  Three  hydrides  of  phosphorus  are  known. 
These  are,  phoHphine  Pllj  (a  gas),  a  liquid  hydride  PtlU,  which  is 
presumably  the  analogue  of  hvdrazine  (N1II4},  and  a  solid  hydride 
P.H,. 

PhoaphiiM  Pill  is  formed  slowly  by  the  action  of  active  hj'drogen, 
from  sine  and  hydrochloric  acid  at  70°,  upon  white  phosphorus. 
The  gas  may  \x  made  by  boiling  white  phosphorus  with  potassium 
hydroxide  solution  in  a  flask  providetl  with  a  delivery  tube. 
Potssftium  hypophosphite  is  formed  at  the  same  time: 

3K0H  +  4P  +  3H/)  —SKHtPO,  +  PH.f . 

The  gas  miule  in  this  way  contniuii  a  little  of  the  vapor  of  the  Uquid 
hydride,  which  is  s|)ont,aneously  infliunmable,  and  eon.'tequently  tin* 
bubbles  of  the  mixture  catch  fire  when  they  reach  the  surface  of 
water  in  the  trough:  PH»  +  20j  — •  H,P(V  In  still,  moist  air, 
the  fog  of  droplets  of  phosphoric  ari<l  solution  form  smoke 
rings. 

The  simplest  method  of  preparing  phosphine  is  by  the  action  of 
water  upon  calcium  phosphide: 

CmP,  +  6H,0  -» 3Cu(0H)i  +  2PH,. 
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ThU  action  u  aiuilotiouit  to  ttuit  of  water  upon  nmgncsium  nitride 
(p.  3:i9),  by  whk'h  ammonia  is  produwd.  In  coiisctiufncc  of  tha 
fact  that  ciilcium  pho(<phide  i.i  n  ttubstaiice  of  irrvgulur  compo- 
ution,  a  mixture  of  all  lJirc«  liydrideR  in  gciierally  obtainod.  By 
pa»bg  t)K'  gru<  tliTOU^  a  stroHKly  cooled  ddivery  tube,  however, 
the  Uquid  iiiul  solid  compoundfl  are  ooDdensed  and  fairly  pure 
phnaphiiie  paasee  on. 

Phosphine  is  a  colorless  gas,  which  is  easily  dt^compoeod  by  heat 
into  its  rlpmente.  It  is  exceedingly  poisonous  and,  unlike  am- 
monia, it  is  insoluble  in  water,  and  product's  no  basic  compound 
corrraponding  to  amnioniunt  hydroxide  when  brought  in  contact 
with  this  substance.  It  rcucmblcs  amiuonia,  formally  at  least,  in 
uniting  with  the  hydrogen  halidnt  (we  Ijelow).  It  differs  from 
ammonia,  however,  iniismuch  iis  it  docs  not  unite  with  the  ox>'gen 
acids.  Phosphinc  acts  upon  solutions  of  some  salts,  precipitating 
phosphides  of  the  metals: 

3CuS0*  +  2PH,  —  Cu,P4  +  SHiSO*. 

Phovphonium  CompiHtntlit.  —  Hydrogen  iodide  unites  with 
phuHphine  to  form  a  colorless  solid,  crystallizing  in  L)eautiful, 
liighly  refracting,  square  prisms:  PHi  +  HI  — •  PH^I.  Hydrogeu 
chloride  combines  similarly  with  phoephine,  but  only  when  the 
gases  are  cooled  by  a  freezing  mixture,  or  are  brought  together 
under  a  total  presBure  of  18  atmospheres  at  14°.  When  the 
pressure  ia  released,  rapid  tlissociation  occurs. 

In  imitation  of  the  ammonia  nomenclature,  these  substances 
arc  called  phoephonlum  lodlda  luid  phosphonium  chloride  PH4CI. 
They  are  entirely  diftcrcnt,  however,  from  the  corresponding  am- 
monium derivatives,  for  the  VYLt*  ion  is  unstable,  ft'hen  brought 
in  contact  with  water  thoy  decompose  into  their  constituents,  the 
hy^Irogen  halide  going  into  soluUon,  and  the  phosphine  being 
liberated  as  a  gas.  1 

Halities  of  Phn*phoru».  —  The  existence  of  the  following 
halicles  has  been  proved  conclusively: 


I 
I 


PF.fgas) 
FF.(ga8) 


PCU  aiquid) 
PCU  (soUd) 


PBr,  (liquid) 
PBr*  (solid) 


P,l4  (3olid).| 
PI,  (solid) 
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These  subetmices  may  all  be  formed  by  dirvct  iiniott  of  the  elements. 
They  are  incomparably  more  stubli;  thiia  are  the  similar  com- 
pounds of  nitrogen.  They  an-  all  hydrolyw^  by  wat«r,  and  give 
an  oxygen  acid  of  phoifphorus  tunl  tho  hydrogen  hitlidc  (sec  below). 
This  action  was  used  in  the  preparation  of  hydrogen  bromide 
(p.  197)  and  hydrogi-n  iodide  (p.  201). 

Phoaphonu  cricblorida  PCls  jjt  made  by  paseing  chlorine  gas  over 
meltvtl  phosphorus  in  a  flwuk  until  the  proper  gain  in  weight  haa 
occurred.  The  substAnoe,  which  'm  a  liquid  boiling  at  76°,  if  stable 
((/.  p.  93).  When  excess  of  chlorine  is  cmployod,  phosphorus  p«o- 
taohlorid*  PCli,  which  is  a  white  solid  Ixxly,  is  formed.  When 
inoi-st  air  is  blown  over  any  of  these  sulwtarices,  the  water  ui  eon- 
deiisod  to  a  fog  by  the  hydrogen  halide.  In  the  ejtse  of  the  inter- 
action of  phoBphorus  pentachloride  and  water,  phosphoric  acid  ia 
formed: 

PCU  -I-  4H,0  -*  H.PO4  -I-  6HCI. 

Pho@]>honis  pentachloride,  when  heated,  reaches  a  vapor 
tension  of  700  mm.  at  163°,  and  while  still  solid.  At  luglier 
pressure  it  mrits  at  Ififi".  At  these  temperaturesi,  alioiit  4  per  cent 
of  the  molecules  are  dissociated  into  phosphorus  trichloride  and 
chlorine  {p.  117):  PCU  j=t  PCU  +  CI,. 

Oxides  of  Phaaphorua,  —  The  oxidc6  of  phosphorus  are  the 
»o-cjdlcd  trioxide  P»0(,  the  pcntoxidc  PjOj,  and  a  tetroxide  P,0«. 

The  ptntoxlds  is  a  wMte  powdi'T  formed  whoa  phosphorus  ia 
burned  with  a  free  supply  of  oxygen.  It  unites  with  wat«r  with 
great  violence  to  funn  iiK-ttiphysphoric  acid  (see  below),  and  hence 
is  known  a»  phoiphorio  anhrdiids:  PgO^  +  HjO  —*  2IIPOi.  In  the 
laboratory  Uiis  action  is  frequently  utilized  for  drying  gases 
(p.  330)  and  for  removing  water  from  combination  (p.  349).  The 
vapor  density  leads  to  the  formula  P4O10,  use  of  which,  however, 
would  only  complicate  our  equations. 

The  trioxid*  P^Ot  is  obtained  by  burning  phosphorus  in  a  tube 
with  s  restricted  supply  of  air.  It  is  a  white  solid,  melting  at 
22.5"  and  boiling  at  173°.  This  oxide  is  the  luihyih-ide  of  phos- 
phorous acid,  but  it  unites  exceedingly  slowly  with  cold  water  to 
form  this  subatance.  It  interact3  vigorously  with  hot  water,  but 
pboaphine,  rwl  phosphorus,  hypophosphoric  acid,  an<l  phosphoric 
acid  arc  amon^  the  products,  and  very  little  phosphorous  acid 
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cscupcK  dcccHDpwition.    Wlieo  this  oxide  i»  heated  to  440'*  it 
couiposGS,  giving  the  t«tr<nid«  PgOi  luid  red  phosphorus. 

Acids  of  Phosphorus.  —  Tbere  are  six  difTerent  adds  of  pho»- 

phonu.    Thn-o  ur-  phosphoric  acids,  representing  the  name  8tage 

of  oxidittiou  of  plioKplionis,  but  difTerent  degrees  of  hydration  of 

the  nnhydride.     The  others  show  three  different  and  lower  states 

of  oxidatiou  (study  by  positive  and  negative  valenocs,  p.  323) : 

Ofthophosphoric  acid     H.PO.  ( =  3!ljO,PiOi) 

P>rophoHpbori(!  acid       HJ-A  ( =  2H/>,PiO^ 

McUphtwphorip  iwii!      HPO,  (=  Eljt},IV>i) 

HypcTJhoephoric  acid     HiPO,  ( =  aHAP.OJ 

PlKMphorous  aciii  ItiPO.  ( -  3H/>,P,0,> 

nypophodiphoroua  ludd  IltPO)  (=  3lltO,PtU) 

The  Phosphoric  Acids,  —  The  rolatioa  between  the  three 
different  phosphoric  acids  may  be  seen  by  considprinfi  them  aa 
being  formed  from  phosphorus  pcntoxidc  (the  anhydride)  an^l 
wiittr.  In  the  majority  of  cases  already  eonsidcrcd  this  sort  of 
iictiun  takes  place  in  but  one  way.  Thus,  nitric  acid  is  known  in 
but  one  fomi,  which  is  produced  by  the  union  of  one  molecule 
ejtch  of  nitrogen  pcntoxide  and  wiiter:  NjOi  +  H^O  — >  2IIN0*. 
Siinijjirly,  the  chief  sulphuric  acid  is  llie  one  formed  from  one 
molecule  of  sulphur  trioxide  and  one  molecule  of  water:  SOi  + 
H)0  — •  Hi^Oi,  uUhough  here  wc  have  also  disulphuric  acid 
US^h,  or  H,0,280,- 

Now,  when  phosphoric  aiiliydridc  acts  upon  water  wc  obtain  a 
solution  which,  on  iniiiipdiutc  ev»poration,  leaves  a  gliu^-  imlid, 
HPO.,  known  aa  metapboiphoric  •old.  This  is  HjO.PjOi.  When, 
however,  the  solution  is  aHowe<l  to  stand  for  some  days,  or  hi 
boiled  with  a  little  dilute  nitric  acid,  whose  hydrogen-ion  iictB 
catalytically,  tJie  residue  from  evaporation  is  H«POt,  orthopbos- 
pbortc  add: 

P,0s  +  3H,0  — 2HjP0*    or    HPO,  +  HjO  —  H^POi. 

TluB  acid  is  3H,0,P,0s,  and  no  further  addition  of  water  to  form 
ft  different  acid  (see  p.  370)  can  be  effected. 

Conversely,  when  orthophosphoric  acid  is  kept  at  about  255° 
for  a  tune,  it  slowly  loses  water,  and  H4P1O;,  pTropbospboric  add. 
is  obtamed:  2Ha^,  -  H,0  +  H4p^. 
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This  md  is  2HjO,Vfif  Further  desiccation  leaves  metaphos* 
phoric  at'id,  whicli  ctmnot  be  further  resolved  into  phosphorus 
pcnloxidc  wild  wiil«r.  When  dissolved  in  wnter,  pyrophosijhorio 
ttcid  slowly  n-smncs  ihc  water  which  it  has  lost  and  gives  the  ortho- 
arid  iigiiiii.  The  relations  of  all  these  subetanocs  are  more  clearly 
seen  ill  the  grapliic  forniulie: 
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A  most  important  fact  to  be  noted  is  that  the  addition  or  removal  of 
water  leaves  Ote  vahntc  of  Ihe  phosphorus  unchanged.  The  degree  of 
oxidation  of  the  phoeplioruii  and  its  valence  are  idenlieal  m  the 
three  acids. 

The  lietationa  of  Anhydrides  and  Oxygen  Acid*.  —  Oon- 
fiidering  the  anhydride  from  b  hich  an  acid  is  derived  gives  ua  the 
key  to  the  nature  and  behavior  of  the  acid.  It  tells  much  that 
the  formula  of  the  acid  does  not  tell.  For  example:  (1)  What  is 
the  valence  of  phoephorus  in  HjPOj?  The  only  way  to  answer 
this  question  is  to  resolve  the  formula  (doubled,  if  neeessar}')  into 
water  and  th«  anhydride,  3H,0,P,0s.  The  pliosphorus  is  triva- 
l^it.  (2)  How  is  this  oeid  related  to  uietaphospboric  oeid  HPOi? 
Resolve  (he  latter,  as  bcfori-,  HvO.PiOt,  The  anawcr  is  that  in  the 
latter  the  phosphorus  ]*  qiuuquivalent.  (3)  How  can  wc  get 
phosphorous  acid  from  metaphoeplioric  acid,  or  vice  vervat  Coo- 
sidering  the  aobydridea,  wc  answer,  by  reduction  and  oxidation, 
respectively.  (4)  Is  pyrophospliortc  acid  HiPjOj,  because  it  con- 
tains 70,  to  be  made  from  all  others  by  oxidation?  Resolve  it  into 
water  and  anhydride,  2Hj0,Pi0s.  We  then  perceive  that  to  make 
it  from  phosphuruus  iteid  requirei*  oxidation,  but  to  make  it  from 
ortbo-  or  meta|)hosphoric  acid  requirefi  only  a  chan^ce  in  the  de- 
gree of  hydration;  adding  or  sitbiracUng  walrr,  since  it  adds  or 
nibtracts  hydrogen  and  oxygen   in  equivalent  amounts,  in  not 
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oxidation  or  Ttductum. 
tore  (pp.  316,  321). 


These  ooncoptions  have  beea  discussed 


Orthophospboric  Acid  H^O^. — ^The  impure,  commercial  acid 
is  rnndc  by  iiibdiig  m-Ivl-UxI,  pulveriied  phosphate  rock  Ca«(PO«)t 
with  tiulpburiu  »ci\I  (vp.  gr.  1^)  aad  hceting  with  steam  and 
etirriiig  in  &  woodvu  vat. 

Ca,(PO,)»  +  SH^SO*  t=i  2H,P0«  +  3CaS0«  J. 

The  calcium  sulphate  is  precipitated  during  the  heating  and 
subsequent  concentration  of  the  filtrate. 

Pure  orthophoBphoric  acid  may  be  made  by  bctOint:;  red  phoe- 
phorUB  with  slightly  diluted  nitric  acid  and  evaporating  the  water 
and  excess  of  nitric  acid.  The  product  of  recrystallization  is  a 
white,  crystalline,  deliquescent,  solid  hydrate,  2fUPO«,HiO. 

The  acid  is  much  weaker  than  sulphuric  acid,  and  is  dissociatod 
chiefly  into  the  ions  H+  and  H,POt~.  The  tUhydrophoephate-ion 
HiPOt",  being  an  add  aa  w«Il  ax  an  ion,  is  fiuthcr  broken  up  to  some 
cxt«nt  into  H*  and  HPOi=,  aa  we  Icarn  from  the  fact  tliat  the 
HolutioD  of  the  sodium  salt  NftHiP04  is  acid.  The  ion  ITPO,=  is 
hardly  dissociated  at  all,  for  a  solution  of  the  oalt  NuiIIPO^  is 
not  acid  in  reaction. 


Ralvt  of  Orthophonphoric  Add.  —  As  a  tribasic  add,  it  forms 
BaltA  of  throe  kinds,  such  as  NaH,I*0,,  NajIU'O,,  and  Na,PO,. 
These  are  known  i^epectively  as  primary,  ueondarT,  and  tartiur 
sodium  (Hthophosphate.  The  primary'  sodium  phosphate  is 
faijitly  acid  in  reaction.  The  secondary  one  is  slightly  alkaline, 
because  of  hydrolyas  ariang  from  the  tendency  of  the  hydrogen- 
ion  of  the  water  to  combine  m-ith  the  HPO,=  to  form  HtPOj", 
which  is  much  more  feebly  acid  than  is  phosphoric  add  II»PO«. 
The  simplified  equation  (p.  271)  shows  the  reason  for  the  alka- 
linity of  the  solution:  HPO,=  +  H*  +  Off"  -» H,POr  +  0H~ 
for  hydroxyl-ion  is  present.  The  t«rti»i>'  phosphate  is  stable  only 
in  sohd  form,  and  can  be  made  by  evaporating  to  dryness  a 
mixture  of  the  secondary  phosphate  and  sodium  hydroxide: 

Na,  H  PO*  +  NaOH  ^  Na,P04  +  HiO  T . 

Wlittn  the  product  is  dissolved  in  wat«r,  this  action  is  reversed  C<^. 
p.  271).    Mixed  phosphates  are  alao  known,  particuUirly  sodium- 
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ammoniura  phosphate  (mlcrocosmio  ult)  XaNHtHP04,4H|0, 
and  the  insoluble  majpiefliuni-amnioniuni  phosphate  MgNHiFO*. 
Primary  calcium  phosphate  (^.i'.)i  known  in  commerce  as  "super- 
phosphate," b  lined  as  a  fertilizer. 

The  tertiary  phocplut«i  are  iinchangect  by  luttiiig.  Ilie  primar>' 
and  itecondary  ph(i.t|ihriU's,  however,  retaining,  as  Ihey  do,  fionie  of 
the  original  hytlrotcen  of  the  phosphoric  acid,  are  capable  of  lo»ng 
water,  like  phosphoric  arid  itself,  when  heated.  The  actions  are 
slowly  reversed  when  the  products  are  dissolved  in  water: 

NaHiPO.FSNaPO,    +H,OT. 
2Na,HP0«  ?±  Na*P,Oj  +  H,0  f . 

It  win  be  seen  that  the  m«ta-  and  prrophoaphatM  of  sodium  are 
formed  by  these  fictions;  and  this  is  iudeeil  tht-  siiiiplt-sl  way  of 
forming  these  substances,  «iiice  the  ucids  ihemsclve:*  wrt^  not  per- 
manent i»  solution,  and  are  too  feeble  to  lend  themselves  to  exact 
neutralization.  Anunonium  wilts  of  phosphoric  acid  lo»c  am- 
monia, as  well  08  water,  when  heated  (<^.  p.  344,  last  par.).  Thus, 
microcosmic  salt  gives  primary  mxlium  phosphate: 

NftNHiHPOi  —  NHjT  +NaH,PO*-.NaPO,  +  IW)T. 

and  this  in  turn  is  converted  into  the  metapboephate  by  loss  of 
water. 

Pyrophonphuric  Add  and  Metaphoaphoric  Acid.  —  Pyro- 

phoKphoric  acid  IltP::!!):,  although  tetriibasie,  gives  only  the  neutral 
salts,  such  as  Natl'jO;,  and  tbo«e  in  which  one-hidf  of  the  hj'drogen 
has  been  displaced  by  a  metal,  such  as  NajIIiPiOf 

Hgt^hotpborlc  acid  ITPOg  is  the  "glacial  phosphoric  acid"  of 
commerce,  and  is  usually  sold  in  the  form  of  transparent  sticks.  It 
is  obtained  by  heating  orthophosphoric  acid,  or  by  direct  imion  of 
phosphorus  pentoxide  with  a  small  amount  of  cold  water.  It 
passes  into  vapor  at  a  high  temperature,  and  its  vapor  dcnaty 
conesponds  to  the  formuhi  [HPOi)i. 

Sodhun  nuupboepbate  NaPO],  in  the  form  of  a  small  globule 
obtained  by  heating  microcoemic  salt  on  a  platinum  wire,  is  uaed 
in  analj-sis.  When  minute  traces  of  oxides  of  certain  metals  aiF 
placed  upon  such  a  globule,  known  as  a  bMd,  and  heated  in  the 
Bunsen  6ame,  the  maw  is  colored  in  various  tints  according  to  the 
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oxido  used  (bead  twt).    This  action  may  be  understood  when  wel 
consider  tliat  sodium   metaphosphate  lakes  up  water  to  form 
primarj'    sodium    orthophosphatc :     NaPO*  -f  HjO  -+  NalltPOt. 
Id  the  same  way,  but  at  higher  temperatures,  it  is  able  to  take  upS 
oxidee  o(  elements  other  than  hydrogen,  ©ving  mixed  orlho-^ 
phosphates.    Thus,  with  oxide  of  cobalt  a  part  of  the  mctapho»- 
phate  unites  according  to  the  equation: 

NaPOj  +  CoO  -*  NaCoPOj, 
and  the  product  gtvcs  a  blue  color  to  the  bead. 

Oigtiitfiuixbing  Truts.  — When  a  solution  of  nitrat*  of  tOTsr  !a 
itdded  to  a  solution  of  ortliophoaphoric  acid,  or  to  any  soluble 
orthophosphflte,  a  yellow  pi'ecipitate  of  silver  orthophoephate^l 
AgiPO»  is  produced.  This  is  a  test  for  orthophoephate-ion.  With  ^ 
pyrophosphoric  acid  or  any  pjTophosphatc  the  product  is  white 
AgiPtOi-  With  metaphosphoric  acid  a  white  precipitate,  AgPOj, 
is  obtained  also.  Metaphosphoric  acid  coagulates  a  clear  solu- 
tion (colloidal  suspension)  of  albumin  (say,  whit«  of  egg),  whils; 
ortbo-  or  pyrophosphoric  acid  has  no  visible  effect  upon  it  (p.  417). 


Phosphorous  Acid  IliPO^,  —  When  added  to  cold  water,  phos- 
phorus trioxtde  (p40s)  yields  phosphorous  acid  very  slowly.  With 
hot  water  the  action  ts  exceedingly  violent  and  complex  (p.  367).. 
Tliis  acid  may  be  obtained  easily  by  the  action  of  water  upon. 
phosphorus  trichloride,  tribromide  (p.  197J,  or  tri-iodide 
evaporation  of  the  solution: 

PCl,  +  3H^  -.  PCOH),  +  3HC1 1-      . 

Bom<!  of  this  acid,  along  with  phosphoric  acid  itnd  hj'pophosphoric 
acid,  is  formed  when  moist  phosphorus  oxi<iizcs  in  the-  air. 

In  spite  of  the  presence  of  tliree  hydrogen  atoms,  this  add  is 
dibasic,  and  two  only  arc  replaceable  by  metals.  To  express  tbia 
fact,  the  first  of  the  following;  formula  is  preferred: 


0  =  P 


ance  the  symmetrical  formula  would  indicate  no  difference  be-l 
tn'een  the  throe  hydrogen  atoms.    H  united  directly  to  P,  at, 
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bere  and  in  PH|,  is  not  acidic.  Phosphorous  acid  is  n  powvrfu] 
nxluciiig  ugciit,  proeipitntinn:  silver,  for  example,  in  the  iiictultic 
form  from  sulutioris  of  its  salts.  Wheu  hcatoii,  it  decompows, 
^ving  the  most  stable  arid  of  phosphorus  (c/.  pp.  290,  308,  314, 
^320,  357),  luiniely,  Rietaphos|>honc  an<l,  and  phospliiue: 

■  4H,PO,->3HPO,  +  3H»0  +  PH,. 

^V  Sutphiden  of  Pho*piiorua.  —  Uliite  phosphonia,  when  heat«d 
with  auJphuv,  unites  with  explosive  violence.  By  using  red  phoa- 
piiurua  the  action  can  hf-  <ontrolled.  By  employing  the  proper 
proportions  the  penUutuIphido  PjSs  is  securati.  It  is  purified  by 
distillation,  and  is  a  yellow  crystalline  solid  (m.-p.  274°,  b.-p. 
30°).    Phosphorus  pcntasuTphidc  is  hydrolyzed  by  cold  water: 

VSi  +  SHiO  -» 2EUPO4  +  6H,S. 

Other  sulphidu!,  P4S1  (used  in  making  matches),  PjS],  and 
"~  ,  may  be  prepared  by  using  the  coustitucuts  in  the  proportions 
presented  by  these  formulte. 

Comparison  of  Phosphorttx  with  Nitrogen  and  with  Sut- 

Ppllifr.  —  AltbouKh  phosphorus  and  nitrogen  are  regarded  «s  be- 
HOgbg  to  one  fiiinily,  the  different.'*  l)etwewi  them  are  moro 
conspicuous  than  the  rcsemblanceK.  The  latter  are  confined  nU 
most  wholly  to  matters  coneerned  with  valence.  The  ilifTercnces 
are  seen  in  the  facts  that  nitrogen  is  a  gas  and  exists  in  but  one 
fonu,  while  phosphorus  is  a  .*>lid  oeciirring  in  two  varieties,  and; 
that  the  former  is  inactive  and  the  latter  active.  The  ooutrasta  1 
betwe«D  phosphine  and  ammonia  (p.  366)  and  between  the  halidcs 
of  the  two  elements  (pp.  346,  367)  have  been  not^sl  alretuly. 
The  pentoxide  of  nitrogen  <Jecompose-s  spontaneously;  that  of 
phosphorus  is  one  of  the  most  stable  of  compounds.  Nitric  acid 
is  very  active,  both  as  acid  and  oxidiang  agent;  t'je  phoephorie 
acids  are  quite  the  reverse. 

On  the  other  hand,  the  resemblance  of  phosphorus  to  sulphur 
is  marked.     Both  arc  solids,  existing  in  sevciat   forms.     Both 
yield  stable  compounds  with  oxygen  and  chlorine.     The  hydrogen 
compounds  interact  with  salts  to  ^vc  phosphides  of  metals  and, 
sulphides  of  metals,  re8))ectively.     A^nst  these  must  be  set  the ' 
facts,  that  hydrogen  sulphide  does  not  unite  with  the  hydrogen 
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biSdn  at  an  iride  phosfifabe  pvcB  tte  I 

that  pboepfaorie  acid  ■  bard  to  radnee  irids  aidplmric  and  iazsr, 

daoed  with  companttre  i 


ExtrrcUem.  —  1.  What  are  the  Taknees  of  tbe  nofriiwtals  fai: 
HAO,,  HjCt/h.  KltnO,,  KH,POl,  U,X0„  XaHJ^  XaJO,? 
Name  tlwae  aubstattces. 

2.  Is  it  cnddation  or  redoctkn,  or  Dehber,  wbo)  we  makr,  (a) 
N/),  from  HN(V  (!•)  SO,  from  H^O,,  (c)  HI"0,  frwn  H»POi^  (d) 
H^ivO)  from  HsSO*.  (e)  Na^SO.  frun  NaHSO>? 

3.  Viliy  would  a  mixture  of  potasiani  dicbnMDate  and  hrdio- 
rhlorir  scid  I  p.  270)  be  lea  Buhafafe  than  nitric  acid,  as  an  oxidlnng 
agL-nt  for  nmkine  phoapboric  add  from  red  pbo^ibanK? 

4.  VTby  te  not  tbe  tertiary'  phosphate  of  sodium  (p.  371)  deeom- 
puacd  by  beating?  niiat  tertiary  pho^thatea  would  be  decom- 
poaed  by  this  means? 

5.  Formulate  tbe  hydrolysee  of  the  aecondar\-  and  tertiary 
sodium  ortbopboephates  as  was  done  for  sodium  sulphide  (p.  271). 

6.  How  should  you  prepare  CaaP^Oj  and  Ca(POi),,  both  in- 
soluble? 

7.  What  product  should  you  confidently  expect  to  find  after 
beating  (p.  371),  (a)  sodium  phosphite,  NajHPOi,  (fr)  potaasiam 
hypopbo«phiU'?    Make  the  equations. 

8.  Compuru  tbe  elements  chlorine  and  phosphorus  after  tbe 
manner  of  tbe  oompariBons  on  p.  373. 


CHAPTER  XXVni 


CARBON  AND  THE  OXIDBS  OF  CARBON 

The  majority  of  the  RuhRtaiioes  composing,  or  protlucod  by, 
liviiie  organisnas,  such  as  startrh,  fat,  and  sugar,  are  compounds  of 
carlmn.  Hence  the  chemistr>'  of  these  compounds  is  icnown  as 
organic  chemistry.  It  was  at  first  suppoaed  that  the  artificiiU 
production  of  such  compounds,  eg.,  without  the  intervention  of  life, 
was  impossible,  Bill  many  natural  organic  products  have  now 
been  made  from  simpler  ones  or  from  the  elements,  and  the  prepo- 
ration  of  the  otlicrs  U  delayed  onJy  in  consequence  of  difliculties 
caused  by  their  iastabiUty  and  ciimploxity.  On  the  other  hand, 
hundreds  of  compounds  unknown  to  animal  or  vegetable  life,  in- 
cluding many  valuable  dru^  and  dyes,  have  now  been  added  to 
the  catalogue  of  cliciiiicul  compounds.  More  than  200,000  differ- 
ent compounds  cutituining  carbon  are  known,  and  tbouBanda  are 
added  every  ywir. 

The  clfTticnt!*  entering  into  carbon  compounds  arc  chiefly  hydro- 
gen !vnd  oxygon.  After  these,  nitrogen,  phot^pliorug,  the  hiJi^-ns 
Aud  sulphur  may  be  named. 

Carbon  C 

OccurrencK.  —  I>nrge  quantities  of  cartwn  are  found  in  the  free 
condition  in  nature.  The  diamond  is  the  purest  natural  carbon. 
GrnphiKr,  or  plumbago,  which  is  the  next  pure.tt,  is  found  in 
liitutt^l  amounts,  and  is  a  valuable  mineral.  Coal  occurs  in 
numerous  forms  containing  greatly  varying  proportions  of  free 
cfu-bon.  Small  quantities  of  the  free  element  have  been  found  in 
meteorites. 

In  combination,  carbon  is  found  in  manth-gaa,  or  methane  CH|, 
which  is  the  chief  component  of  natural  gas.  The  numerous  com- 
|X)uniU  fomid  in  plants  and  animals  have  already  becji  mentioned. 
The  mineral  oils  consist  almost  entirely  of  mixtures  of  variotLs 
compounds  of  carbon  and  hydrogen.     Whole  geological  formations 
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are  compoaed  of  carbotuitcB  of  commoo  metalH,  particularly  calcium 
carbonate  or  limestone. 


N 


Atlotrople  Forms  of  Carbon,  —  The  allotropic  (p.  222)  fo 
of  carbon  differ  vorj-  strikingiy  in  fheir  phj-sical  properties.    TTw^ 
diamond  is  transparent,  crystalline,  and  very  hard  (sp.  gr.  3.5). 
Qt^dilt*  is  black,  lustrous,  and  very  soft  (sp.gr.  2^).     Amorphous 
urbon  ia  very  variable.     Thus  lampblack  (see  p.  3yS>  is  a  finw 
powder  of  ncyirly  pure  carbon,  charcoal  {see  p.  408)  shovx  tho  I 
structure  of  the  wood,  iind  c«a!  (see  p.  409)  contains  compounds  of 
carbon  us  well  as  the  free  clement.     These  aiiiurphous  (onus  nin 
Iwst  hv  di^ouMcd  after  the  materials  from  which  they  are  funncHl . 
have  bt«ii  considered. 

That  all  the  forms  are  eoinposed  of  the  same  element  is  diovra ! 
by  the  faft  that  they  all  bum  in  oxygen  to  give  carbon  dioxide. 
Then,  too,  when  heated  strongly  in  absence  of  air,  diauiontl  and 
thi!  amorphous  foniis  all  turn  into  graphite.    They  contain  differ-  i 
etit  amounts  of  cheniical  energy,  however.     Tliufl,  when  1  g.  of ' 
(-ai'h  ia  burnod,  diamond  gives  7805  ml.,  graphite  TS.'iO  and  sugar 
eliarcoal  {j*.  286)  SOiO.     The  tendency  of  most  carbon  cnnipounds, 
when  heate<l,  to  char,  giving  free  carbon,  is  used  as  a  t«tt. 

The  Diamond.  —  Diamonfis  are  found  chiefly  in  Brainl,  and  I 
South  Africa,     They  are  separateti  by  weathering  the  rock,  which 

then  crumbles,  and  by  washing  tha . 
df'bris  with  water.   They  ai-e  covered 
with  a  crust  which  entirely  obecures 
their  luster,  and  possess  natural  cr)**- 
t.illine  forms  lielonging  to  the  regu- , 
lar  system,  such  as  the  octahedron 
(p.  83),     It  should  be  noted  that 
this  natural  form  bears  no  relation 
whatever  to  the  pscudo-erj-stallino  i 
shape  which  is  conferred  upon  the  stone  by  the  diaTnond-cutter. 
The  natunU  stone  is  "cut,"   by  grinding  new  faces.     Thus,  a 
"brilliant"  posBesses  one  rather  large,  flat  face,  which  forms  thej 
base  of  a  many  sided  pyramid  (Fig.  99,  showing  two  vierws).     This ' 
form  is  given  to  the  atone,  ui  order  that  the  maximum  ri'fleetifm : 
of  liglit  from  its  interior  may  be  produced.    The  diamond  is  harder 
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(Appendix  11)  tluin  imy  otlitir  variety  of  aiattttr,  9o  that  it  can  be 
KTiitcln'tl  or  polislifd  only  by  rubbing  with  tUamond  powder.  It 
is  the  di'nsoat  form  of  ciirbon  (sp.  gr.  3.5).  The  colorless  sloncs, 
nnd  ocejiaiontil  spi'cimeus  ivith  special  tints  (like  the  blue,  Hopo 
diamond)  iirt-  the  itio«t  vnluablo.  The  black  ("carbonado")  and 
discolored  speciinen*  arc  used  for  grinding  and  glius?  cutting. 
Mounted  round  iho  edge  of  a  tulxi,  they  arc  usod  for  trilling  rook, 
eo  thitt  a  cylindrical  spccirncu  of  the  whole  of  the  strata  can  be 
Hccurod  for  cxamiuatiou.  The  forms  of  carbon  are  insoluble  m  all 
Ikjuids  at  room  tcotpernture.  Molten  irou  {q.v.)  dissolves  live  or 
8ix  per  cent,  port  of  which  goes  into  conrtbiuation ;  but  usually-  only 
graphite  is  found  in  the  cooled  product.  Moissan  ( 1887),  however, 
succeeded  in  preparing  microscopic  fragments  of  diamonds  in  this 
way.    The  diaTiiond  i.«  a  nonconductor  of  eiectricitj". 

Diamonds  are  sold  by  thf  new  international  carat,  200  m|^3. 
(old  carat,  4  grains  =  20r>  mgras.),  and  the  value  increases  with 
the  sixe.  Thus,  a  first  qualitj',  cut  stone  of  1  carat  is  worth  about 
(270,  one  of  2  c-arats  about  $340  per  carat.  The  largest  diamond 
known,  the  CuUinan  (1905),  weighed  3032  (old)  carats  (621  g.  or 
1.37  lbs).  It  was  presented  by  the  Transvaal  government  to 
King  Edward  VII,  and  was  cut  into  stones  of  .^I6..5  and  300 
carats  and  many  stnaller  ones.  Other  large  stones  are  the  Jubilee 
(239  carats),  and  the  Kokinoor  (106  carats). 


Graphite.  —  Oniphite  (Gk.,  f  wrUt)  is  found  in  Cumberland, 
SibcrJii,  Caniidii,  and  Ceylon.  It  is  composed  of  glittering,  slip- 
pery, crystalline  scales  (hexa- 
ggual  system).  In  utter  con- 
trast to  the  diamond,  the  min- 
eral is  extremely  soft,  has  a 
suiatler  specific  gravity  (2^), 
and  conducts  electricity.  It  is 
mad*  artificially  by  an  electro- 
thermal process  (cf.  p,  363).  A 
powerful  alternating  curreut  is 
passed  through  a  moss  of  granular  anthracite,  mixed  with  pitch  and 
a  little  Band  (Acheson's  process).  The  mixture  (3  tons)  i^  piled 
between  the  electrodes  (Fig.  100)  and,  on  account  of  its  high  T«sist- 
•Doc,  becomes  strongly  heated.    The  change  occupies  24-30  hou 
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Graphite  is  now  used  exclusively  for  maJdog  the  anodes  in  the 
electrolytic  manufacture  of  chlorine  and  in  related  prooettea. 
Mixed  with  fine  clay  it  forma  the  "lead"  of  lead  pencils,  firsi  ui«ed 
in  the  sixteenth  century,*  Mixed  with  clay  it  ia  used  also  for 
making  crucibles,  which  withstand  high  t«mperatures  and  nerve 
for  melting  and  casting  Htocl  and  high  melting  alloys.  As  "lilack- 
lead"  it  forms  stove  polish,  the  layer  of  fine  scales  protectuig  tJio 
iron  against  rusting.  It  is  employed  as  a  lubricant  in  cases  where 
oil  would  be  decomposed  by  the  heat  and  where  wooden  surfaces 
are  in  contact. 


Chemical  Properties  of  Carbon.  —  The  most  common  uses 
of  carbon  depend  upon  its  great  tendency  to  ooltc  with  osyf«ti. 
forming  carbon  dioxide  COj.  Under  »ome  circumstances  carbon 
monoxide  CO  (sec  below)  is  produced.  Aside  from  the  direct 
ilojinenl  of  this  action  for  the  s»ki?  of  the  bout  which  is  liber- 
fttod,  it  isuscditlsoin  IhcrMluotionof  oreei  of  iron,  copper,  xinc,  and 
many  other  metiiK  When,  for  example,  finely  powdered  cuprie 
oxide  and  carbon  are  heated,  copjxrr  is  obtained.  The  gas  given 
off  is  either  carbon  dioxide,  or  a  mixture  of  this  with  carbon  iuoQ'^ 
oxide,  according  to  the  proportion  of  carbon  used: 

CuO  +  C^   Cu  +  CO, 
2CuO  +  C  — 2Cu  +  COs, 

At  the  high  temperatures  produced  in  the  electric  furnace,  carboB 
unites  with  many  m«taU  and  some  »on-m«taIs.  Compour 
furttio<l  in  this  way  arc  known  us  carbldsi,  such  as  aluminium 
carbide  AUCi,  calcium  carbide  Cad,  and  carborundum  CSi  (see 
below). 

The  mdoa  wttb  brdroEoo  is  ordinarQy  too  slow  to  he  observed. 
But  when  the  carbon  i*  mixed  witli  puivoriiwd  nickel  (contact 
agent),  and  hydrogen  is  passed  over  the  mixture  at  250°,  methane 
CHi  is  formed  (99  per  cent).  The  action  is  reversible  and  exo- 
thermal, and  is  therefore,  at  higher  temperature,  less  complete 
(c/.p.  189),  at  8.50°  rejiching  only  l.Spereent.  On  the  other  hand, 
an  electric  arc,  between  carbon  poles  in  an  atmosphere  of  hydrogen, 
gives  traces  of  acetylene  CsH],  thi.saction  being  endotbermal.    The 

'  Priortley  was  iho  flret  to  suggwl  the  iwe  ot  oaoutchouc  (raw  rubber)  u 
anerucr. 
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other  compounds  of  carbon  and  hydrogen  arc  all  obtained  by  in- 
direct  reactions. 

(Mrhon  Diitutphulv  CSg. — Thin  conipoutid  U  made  by  direct 
union  of  sulphur  vapor  and  (clowin);  charcoal.  An  electric  furnace 
like  that  in  Fik.  98  (p.  363)  is  employed.  The  substance  cooies  off 
as  a  vapor  and  ie  condensed. 

Carbon  diaulphide  is  a  colorless,  highly  refracting  liquid  (b.-p. 
46*).  Traces  of  other  compounds  give  the  comnierciiv]  article  a 
disagreeable  smell.  It  burns  in  air,  forming  carbon  dioxide  and 
sulphur  dioxide.  It  is  an  important  solvent  for  sulphur  and 
caoutchouc  (rnblwr),  an<i  dis8olv«8  io<iine  and  phosphonis  freely. 
Lai^  quantities  are  employed  also  in  the  destruction  of  prairie 
dogs  and  anta  and  for  freeing  grain  elevators  of  rata  and  mice. 

Carbon  Tetrachloride  CCI^.  —  This  rompound  is  manu- 
fnctun^l  by  kviding  dry  chlorine  into  carbon  diaulphide  containing 
a  little  iodine  (contact  agent)  in  solution: 

CSs  +  3CI,-»  ecu +  8)01,. 

The  carbon  tctracWoridc  (b.-p.  77*)  is  6rst  distilled  off,  and  the 
sulphur  monochloridc  (b.-p.  136*)  is  purified  for  use  in  vulcanizing 
rubber. 

Carbon  tetrachloride  is  a  colorless  liquid  which  dissolves  fat«, 
tare,  iind  ninny  other  organic  compounds.  It  is  used  to  take  the 
oil  or  no't-a.se  out  of  woo],  linen,  oil-bearing  seeds  and  bones.  It  has 
the  advantagi^  over  gasoline  (petrol)  and  bcnxme  (see  p,  39i), 
which  can  be  used  for  similar  purposes,  that  it  is  non-inflammablo. 
"Carbonii,"  used  for  removing  stains  from  elotliing,  gloves  and 
shoes,  is  benzine  to  which  sufficient  carbon  tetrachloride  bos  been 
added  to  render  the  mixture  noninflammable.  "Pyrene"  fire 
esctinguisheni  eontntti,  mainly,  carbon  tetrachloride.  The  tem* 
peraturc  of  the  burning  material  in  lowered,  because  heat  is  con* 
sutned  in  vaporizing  the  liquid,  and,  at  the  same  time,  the  vapor 
dbplaoes  the  air  and  slops  the  combustion. 

Calcium  Carbide  CaCt  and  Carborundum  StC.  — Calcium 
carbide  is  manufactured  in  an  electric  furnace,  by  the  interaction 
of  finely  pulverized  limestone  or  <iuicklime  with  coke: 
CaO  +  3C -*  CaCi  +  CO. 
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The  operation  ie  a  continuous  one,  Uie  materials  being  thrown  into 
the  left  side  of  tbv  drum  (Fig.  lOl,  diogmnimatic),  and  the  product 
rt'iiiovod  on  the  right.  The  carboii  poles  arc  fixed.  Tlio  urc  having 
bwn  cNtivbti.sliwi,  the  <lruni  is  rotated  slowlj'  as  the  oirbidc  accu- 
mulates. The  current  enters  by  one  carbon,  passes  through  the 
carbide,  and  leaves  by  the  other.  The  high  nisistancc  of  the 
partially  transfornied  material  cau^^s  the  jiroduction  of  the  heat. 
When  the  aetion  in  one  layer  approaehes  eonipletion,  tlie  rexistanco 
falls,  the  current  increases,  and  an  armature  round  which  the  wire 
passes  (not  shown  in  Fig.  101)  comes  into  operation  and  turns  the 
drum.     In  this  way  the  carbide  just  fornieii  is  cuutiimously  moved 

away  from  the  carbons,  and 
new  material,  introduced  on 
tiie  left,  falls  iuto  the  path 
of  the  current.  The  iron 
platefl  which  form  the  cir- 
cumference of  the  drum  arc 
abided  on  the  left  and  re- 
moved on  the  right,  where 
also  the  carbide  is  broken 
out  with  a  chisel.  The  drum 
revolves  once  in  about  three 
days.  The  product  is  used 
for  making  acetylene  (g.*'.). 

Carbonindum.  or  carbide 
of  silicon  SiC,  of  which 
hundreds  of  tons  are  manu- 
factured annually  ut  Niagara  Falls  (Acheson's  process),  is  nuide 
in  an  electric  furnace  of  the  type  shown  in  Fig.  100  (p.  377).  A 
mi>:turc  of  coke  and  mxiid  (silicon  dioxide  SiO^)  with  some  saw- 
dust is  piled  between  the  terminals,  with  a  core  of  granular  carbon 
to  carry  most  of  the  current.  The  resistance  produces  a  high 
temperature  (1950°),  and  nu-bou  replaces  the  ox>'gCQ: 

3C  +  SiO,-.SiC  +  2CO. 

The  carborundum  remains,  often  in  beautifully  cr>'stalline  form. 
It  is  exceedingly  hard  (Appendix  tl),  and  after  pulverinition  and 
mixing  with  a  filler,  is  moulded  into  grinding  wheels. 


Fill.  101. 


« 
4 


son  and  the  oxides  of  carbon 

Cakbon  Dioxidk  and  Cabbonic  Acid 

tiirriice.  —  CiirboD  dioxide  is  prrawit  iu  the  iitmospberc^| 

!<<rn  thu  ground  in  lurgc  quuutitics  in  certain  ncigl)bor-| 

.  ior  cxHiiiplc,  in  the  Bo-aiUi-d  VuIIey  of  Death  in  Java,! 

':w>  Ctrottd  dot  Cnne  near  Naples.     Effervescent  niiQcralj 

Mich  lis  tliose  uf  Vichy  and  of  the  Geyser  Spring  at  Kariwl 

iiiftin  it  tnsuhitioii,  luid  their  effervescence  is  caused  by  tho] 

f  the  givs  when  the  pressure  is  reduced. 

i/(M/fM  of  Formation.  —  1.   Carbon  dioxide  ia  pixxiuoed  by 
gmhufltion  of  carbon  with  an  excess  of  oxyRen:   C  +■  d  — *  COt. 
^1"  combustion  of  all  conipounds  of  carbon,  as  well  as  the  slow^ 
i:ition  in  the  tiBHiicH  of  plants  and  animalit,  yield  the  ssnia^| 
iuct.     The  protiiiRt  from  burning  carbon  is  naturally  mixed  ~ 
ith  at  least  four  tinies  its  vohime  of  atmospheric  nitrogen.     To 
secure  carbon  dioxide  for  commercial  purposes  from  thia  source, 
the  sax  us  led  under  presHure  into  a  solution  of  potassium  earbonat*, 
which  absorbs  the  carbon  dioxide: 

C(\  (gas)  i=!  CO,  (lUlvd)  -I-  n,0  ^  HiCO,  +  K,COi  ^  2KHC0,. 

When  the  pressure  is  re<luced  by  a  pump,  all  the  actions  ora 
n^versed,  an<f  the  gas  ei«rapcs  in  pure  form.  The  same  solution, 
with  occasional  purification,  can  be  used  an  indefinite  number  of 
times. 

2.  It  was  Jottpph  niack  (1757)  who  6rst  recognised  the  gas  as  a 
distinct  substance.     He  observed  its  formation  when  marble, 
magnesium  carbonate  was  heated: 

CaCO,psCaO  +  CO„ 

and  named  the  gas  "fixed  air"  from  the  fact  that  it  wax  cODtatH' 
in  these  solids.     The  above  action  had  been  used  for  cejituries 
tn  making  quicklime  (calcium  oxide).    All  common  carbonates, 
excepting  the  normal  cikrbonates  of  potassium  and  aodium,  de* 
compose,  leaving  the  oxide  of  the  metal  or  the  metal  {p.  60). 

3.  Black  found  that  the  gas  was  also  produced  when  acids  acted 
upon  cHrbouute«,  and  this  is  the  method  employed  in  the  Iabor»>i 
tory: 

CaCO, (soUci)  ttCCO.  (dalvd)  j=Cb++ +  COr=  1  ^  „^^ _  „  -  .  -^ 
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Since  the  carbonic  acid  in  very  sliglitly  iouixcd,  the  action  is  like 
that  of  aci(l»  ou  sulpliitoa  (p.  27 S).  Since,  however,  the  carbonate 
of  calcium  (marble)  is  ver>-  sliglitly  solubli?,  »o  that  an  additional 
equilibrium  controls  its  sulutiuu,  the  action  is  liite  that  of  acids  on 
ferrous  sulpliide  (p.  272).  Tlie  apparatus  shnwn  in  ¥ig,.  2-1  is  used. 
Carbon  dioxide  is  formed  in  decay  (p.  36)  and,  as  Black  likewise 
diacovered,  in  fermentation  iq.v.). 

Physical  Properties.  —  Carlwn  dioxide  is  a  colorless,  odorless 
gas.  It  is  heavier  than  air.  The  O.M.V.  weighs  -14.26  g.  Its 
critical  temperature  la  31.3.^'  (p.  79).  The  solid  meJts  at  -56*, 
ha\'ing  a  vapor  pressure  of  5.3  atmaipheres.  The  solid  has  a  vapor 
pressure  of  1  atmoa.  at  —79°.  The  sp.  gr.  of  the  liquid  at  0"  is 
0.95.  .\t  0"  ita  vapor  tejision  ia  3.5.4  atmospheres  and  at  20", 
59  atmosphereH,  It  must  be  preserved,  therefore,  in  very  strong 
cylinders  of  mild  steel-  Large  quantities  of  it,  often  collected  from 
fermentation  vats,  are  sold  in  such  cylinderH,  and  used  in  o|K?r;iting 
beer-pumps  and  in  making  aerated  waters.  When  the  liquid  ia 
allowed  to  flow  out  into  an  open  vc)<j<ic-l  or,  still  better,  into  a  cloth 
bag  (non-conductor  of  beat),  it  coola  itself  by  its  own  cva[x)ration 
and  forms  a  white,  snowlike  muss.  Solid  carlxm  dioxide  evapo- 
rates at  —79°,  without  nielttiig,  since- at  that  temperature  it 
exercises  1  atmosphere  pressure,  and  the  beat  from  the  surround- 
ings is  used  as  beat  uf  vaporixutiou  instead  of  being  cjiiployod  in 
raising  the  temperature  to  the  melting-point  (-56°). 

The  solid  is  used  in  the  laboratory  as  a  cooling  agent,  being  often 
mixed  with  ether  to  give  closer  contact  with  the  vessel.  Mercury 
(m.-p.  —40°)  is  easily  frozen  by  the  mixture. 

Carbon  dioxide  gas  (760  mm.  and  15°)  dissolves  in  its  own 
volume  of  water.  Up  to  four  or  five  atmospheres  Henry's  law 
(p.  128)  describes  its  soIubiUty  accurately.  An  aqueous  solution, 
under  a  pressure  of  3-4  atmospheres,  is  familiarly  known  as  soda 
vatcTi  or  carbonated  water. 

Chvmirftl  Properties,  —  Carbon  dioxide  is  a  stable  compound. 
At  2000*,  the  dissociation  reaches  l.S  per  cent,  or  about  the  same 
as  that  of  waler:  2C0j  ci  2C0  +  O,. 

The  more  active  metals,  like  mi^nesium,  burn  brilliantly  when 
ignited  ia  a  hollow  lump  of  sohd  curbou  dioxide,  producing  the 
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oxidp  and  free  carton.  Less  active  metals,  such  as  rinc  and  iron, 
when  hejitod  in  a  stream  of  the  g««,  give  an  oxide  of  the  metal  and 
carbon  monoxide  ('/.v.). 

Carbon  dioxide  unites  directly  with  many  oxide-s,  particularly 
those  of  the  more  active  metals,  such  as  the  oxides  of  potassium, 
0od)um,  calcium,  etc.  Hence  the  decomposition  of  calcium  car- 
bouate  by  heating  (p.  381)  is  a  reversible  action. 

Carbon  dioxide,  when  dissolved  in  water,  forms  an  unstable  acid: 


H,0  +  CQ,i=tH.OO»,    or         ^0  +  cf 


H-0. 

H-0 


/ 


c  =  o. 


The  name  carbonic  acid  is  frequently,  though  improperly,  given  to 
the  anhydride  COi,  wkicb  has  no  acid  properties. 


Chemical  Properties  of  (^rbonic  Add  H^COg.  —  The  solu- 
tion of  carbon  dioxide  in  water  exhibits  the  properties  of  a  weak 
acid.  It  conducts  electricity,  althoug}i  not  well.  It  turns  litmus 
red.    The  ionization  takes  place  chiefiy  according  to  the  equation: 

HiCO,?=tH+  +  HCO,  . 

Carhonate*  and  Blearbonates.  —  When  excess  of  an  aqueous 
Holiition  of  carbonic  acid  is  mixed  with  a  solution  of  a  base  like 
sodium  hydroxide,  or,  as  the  operation  is  more  usually  performed, 
when  carlxin  dioxide  is  passed  into  a  solution  of  the  alkali,  until  the 
liquid  is  saturated,  water  is  formed  and  the  acid  carbonate  (W- 
carbonat«)  of  sodium  remains  dissolved: 

H,CO, +  Na0Ht3H,0  +  NaHC0,,    or    H+  +  Oir-*HA 

Although  th«  bicarbonate  is  technically  an  acid  salt,  its  solution  ia 
neutral,  on  account  of  the  exceedingly  slight  dLtsociation  of  the 
HCO»~  ion.  By  addition  of  an  equivalent  of  mxlium  hydroxide, 
the  normal  carbonate  is  obtained: 

NaOH + NaHCX)u=tHrf)  +  Na^CO,,  or  OH" + HCOi"j=sH,0+ 00.= 

This  solution,  like  that  of  all  salts  of  a  strong  base  and  &  feeble  add 
(qf.  p.  271),  is  alkaline  in  reaction.  This  is  because  the  tendency  to 
form  the  very  slightly  ionised  HCOj'  makc«  the  foregoing  ionic 
action  noticeably  revcreiblc  (c/,  pp.  271,  370). 
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The  aonnal  carbon&tM.  with  the  exception  of  those  of  potajsium, 
aodium,  and  ammoaium,  are  insoluble  in  w&ter,  and  may  be  ob- 
tained by  precipitation  when  the  proper  iona  are  employed.  For 
example : 

BaCU+Ntt,C0,iriBaC0,i+2NaCl,    or    Ba**+COr^BaCO,l. 

The  aqueous  solution  of  carbon  dioxide  interacts  vnih  itoIution« 
of  barium  and  calcium  hydroxides  in  a  similar  iiiaunvr: 

Co(OH),  +  HiCO.tiCaCO.i  +2H,0. 

These  precipitations  arc  used  an  tMta  for  carbon  dioxide. 

Excess  of  carbon  dioxide  converts  calcium  carbonate  into  the 
more  soluble  bicarlMinato,  and  hence  considerable  quantities  of 
"lime"  (lL!ir<lncss,  q.v.)  are  fretiuently  hciti  in  solution  by  natural 
waters  which  contain  carbon  dioxide  in  solution: 

HjCO,  +  C^aCO,  i=t  Ca(HCO«)i. 


In  the  same  fashion,  the  carlmnates  of  iron  (FeCO,l,  maf^esium, 
and  zinc  are  somewhat  soluble  in  water  containing  free  carbonic 
acid.  In  fact,  the  solution,  transportation,  and  deposition  of  all 
these  carbormtei!  take  plare  in  nature  on  a  large  scale  by  the  sltei^ 
nate  progress  and  reversal  of  this  action. 

Vaea  of  Carbon  Koxifie.  —  The  use  of  the  gas  for  imprc^gnal- 
ing  aerated  waters  has  been  mentioned.  The  gas  is  used  in  im- 
mense quantities  in  the  manufarture  of  sodium  bicarbonate 
NallCO,  (baking  soda),  of  sodium  cjirI»onal«  Nait'Oj.lOHjO 
(washing  soda),  and  of  whit*  lead,  a  basic  carlxHiate  of  lead 
Pb,(On),(CO,),. 

Since  carbon  dioxide  is  already  fully  oxidized,  it  does  not  bum, 
and  since  it  is  very  stable,  ordinary  cnmbustibles  will  not  bum  in 
it.  A  small  percentage  of  it  will  destroy  the  power  of  air  to  sup- 
port combustion.  For  this  reason,  portable  firo  exUngutshers 
contain  a  dilute  solution  of  sodium  bicarbonate,  and  a  bottle  of 
sulphuric  acid.  When  the  tank  is  inverted,  the  acid  flows  into  the 
solution: 

2NaHC0,  +  H^0«  ?^  Na,SOt  +  2H,C0,  :f±  2H,0  +  2C0r. 

The  liquid  is  saturated  with  the  gas  and  the  ex<>ess,  rising  to  the 
top,  by  ite  pressure  forces  the  solution  out  through  the  no»sle.    The 
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liquid  18  moro  effective  thaa  an  equal  amount  of  water,  becfiuse 
the  carbon  dioxide  it  carricH  mixes  with  the  surrounding  air. 

Tho  most  wonderful  chemical  change  which  carbon  dioxide 
undprRoes  is  perhaps  the  most  usefn!  to  mankind,  an<l  at  the  same 
time  the  one  leaat  understood.  This  is  the  action  by  which  plants 
ttse  U  as  food  (see  last  section  of  this  chapter). 


Carbon  MoNoxmi:  CO 

Preparation.  —  In  tlie  Islwratory,  carbon  monoxide  is  ob- 
tained by  heuting  oxalic  acid,  u  Mulid,  white,  cr>i4tHlUi)e  Rubstance, 
in  ft  flask  with  concentrttlvnl  tiulphuric  acid.  The  latter  is  here 
employ(Hl  dimply  as  a  dfliydritirig  agent  (p.  286),  so  that  it  need 
not  be  included  in  the  equation: 

H»(V)4-»C0»  -I-  CO  +  H,0. 

To  obtain  pure  carbon  mODOxide  from  this  mixture,  it  in  neceaaary 
to  remove  the  carbon  dioxide,  by  pii.t.sing  the  gas  tbrouf^  a  boIu> 
tion  of  potassium  hydroxide  contained  in  a  wash  bottle.  By  using 
formic  acid,  or  sodium  formate,  with  sulphuric  add,  the  presence 
of  the  carbon  dioxide  ia  avoided: 

HCHO,  — C0+H,0. 

We  commonly  observe  the  blue  flume  of  burning  carbon  mon- 
oxide playing  on  the  surface  of  a  coal  fire.  Tlie  giis  is  produciti  by 
the  paaaage  of  the  carbon  dioxide,  which  is  first  formed,  througli 
the  upper  layem  of  heated  coal: 

C0,-t-C-*2C0. 

A  similar  reduction  of  carbon  dioxide  is  produced  when  the  gas  \n 
led  over  a  metal,  such  as  zinc,  and  heat  is  applied: 

C0»  +  Zn  —  ZnO  -f  CO. 

Producer  Can  and  Wattr  Co«.  —  When  ooke  and  air  arc 
used  in  the  reaction  mentioned  alwve,  the  mixture  of  carbon 
monoxide  (about  S3  per  cent)  and  nitrogen  (about  06  per  cent) 
obtained  is  called  producer  gUM.  It.  U  ronibnstililo  and  is  used  in 
factories  for  hcatuig  and  to  drive  gas  engines  for  power. 
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When  steam  is  driven  through  wliiU'  hot  coke  or  anthradte, 
mixture  of  hydrogen  and  carbon  monoxide,  kaovm  as  wiMr  fu, 
is  produced' 

C  +  H»0 -"CO  +  H,  -  28,300  cul. 

The  ooke,  piled  in  a  brick-lined,  cylindrical  titruclurc,  is  brought 
to  vigorous  combustion  l»y  blowing  in  air  for  ten  minut(«-  Tlicn 
8t«um  i:^  Rtilxttitiited  for  th<'  air.  .Since  the  interaction  takoi*  plnce 
with  absorption  of  bi^jit  (is  cndothnmial,  see  equation),  in  about 
five  minutcfl  the  coke  becomes  too  cool.  Air  is  then  substituteil 
for  steam,  and  ho  on  alternately.  I'he  gas  is  collected  while  the 
steam  is  turned  on,  and  contains  equal  volumos  of  the  two  RHffes, 
together  with  some  carbon  dioxide  (4-7  per  cent),  nitrogen  (4-5 
per  cent)  and  oxygen  (1  per  cent).  The  ga^  is,  therefore,  almost 
wholly  combustiltle  and  is  used  aa  a  source  of  heat,  and  for  driving 
gas  engines  to  furnish  power.  It  is  used  aUo  for  making  illuminat- 
ing gas  (q.v.).  Since  carbon  monoxide  is  more  easily  liquefied  than 
is  hydrogen,  the  latter  gas  is  obtained,  for  commercial  use,  by 
passing  water  gas  through  a  liqueGer. 

When  both  st<?am  and  air  are  driven  together  over  burning  coke, 
the  Litter  is  able  to  burn  continuously,  and  a  fuel  gas  which  is  a. 
cross  between  producer  gas  and  water  gas  is  obtained. 

Fuel  gases  are  used  on  s%  large  scale  in  steel  works,  ajlfl  other 
factories.  They  pvc  a  uniform  and  easily  regulated  heat,  they 
leave  no  a»b,  and  their  use  involves  no  hibur  for  stoking.  As 
gases,  also,  they  can  be  used  in  structures  in  which  coal,  as  a  solid, 
could  not  be  ciiipioyed. 

Physical  Propfrtiea.  —  Carbon  monoxide  is  a  colorless  gas, 
with  a  uietnllif  odor  iind  Ittste  (poisonous!)-  It  is  very  slightly 
soluble  in  water.  Itt  density  is  almost  the  same  as  that  of  air. 
When  liquefiod  it  boils  at  - 190°. 

Chemical  Properties.  —  All  the  chemical  properties  of  carbon 
monoxide  are  referable  to  the  fact  that  in  it  the  element  carbon 
appears  to  be  bivalent;  CriO.  The  compound  is  in  fact  unsatu- 
rated, and  combines  with  oxygon,  chlorine,  and  other  substaocos 
directly.  Thus  the  ga»  burns  in  the  air,  uniting  with  oxygen  to 
form  carbon  dioxide.     Again,  Iron  iq.v.)  is  manufactured  by  the 
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reduction  of  tbe  oxide  of  iron  by  gaseous  carbon  monoxide  in  the 
blft«t  furnjice: 

FeA  +  SCO  P*  2Fe  +  3CX),. 

In  minlight  cartK>n  monoxide  unites  directly  with  chlorine  to  form 
etrtioajl  chloridB  (jihuHgrn*')  COCIi,  It  imiU'-s  with  nickel  and  iron 
to  form  nickel  carbonyl  and  iron  carbonyl  (?.«.)»  respectively. 

Tbe  gas  is  an  active  poison.  When  inhaled  it  unites  with  the 
hamo^obin  of  the  blood,  to  the  exclusion  of  the  oxj'gen  which 
forms  s  lesa  stable  compound  (c/,  p.  3ft).  A  quantity  equivalent 
to  about  10  c.c.  of  the  gas  per  kilo,  weight  of  the  animal  is  sufficient 
to  produce  death,  about  one-third  of  the  whole  hemoglobin  bai'ing 
entered  permanently  into  combination  with  carbon  monoxide. 
One  volume  in  SOO  volumes  of  air  produces  dealh  in  about  thirty 
minuti'S.  This  gas  is  the  chief  poisonous  sub/^tanoc  in  illuminating 
giis.  The  poisonous  effect  of  tobacco  smoker  when  inhaled,  a 
partly  due  to  the  carbon  monoxide  pro<lu(!od  by  incompk^t*"  com- 
bustion. Kicotim;,  ivlthougli  contained  in  tolMCco  Icnvott,  is 
unstitble,  and  is  decomposed  by  the  heat.  Traces  of  other  irritant 
organic  compounds,  however,  ore  contained  in  the  mnoke. 

Cnrbon  Dioxtdv  tu  Plant-  Food.  —  The  walls  of  the  cells 
which  form  the  framework  of  a  plant  are  mnde  of  cellulose 
(CiHioO»)r  III  the  cell.i,  especially  thoee  in  certain  parts  of  the 
plant,  graniite«  of  staroh  (CeHiDOi)^  are  found.  The  plant  con- 
tains also  proteins.  These  sutistances  contain  carbon,  hydrogen, 
oxj'gen,  nitrogen,  sulphur,  and  phosphorus,  and  plant  food  must 
furnish  these  elements.  C'ompounds  of  potassium  are  also  re- 
quired. Hence,  in  addition  to  large  amounts  of  water  ascending 
through  the  roots  and  stem,  carrying  sufficient  quantities  of  solu- 
ble compounds  of  the  four  elements  last  named..  aJI  plants  require 
an  abundant  supply  of  carbon  in  absorbable  form.  Now,  this 
cornea  from  atmospheric  carbon  dioxide,  adnutt^'d  through  minute 
openings  situated  mainly  on  the  surfaces  of  the  Icuvoit.  Com- 
parison of  tbe  formulae  COj  and  CsHwOj  shows  at  once  that  the 
aastmilation  of  tjic  carbon  dioxide  of  the  plant  must  involve 
redudion.  The  chlorophyll  (green  matter)  and  protophi^m  in  the 
leaves  act  upon  the  carbon  dioxide,  causing  oxygen  gu  to  be 
liberated: 

6C0,  -I-  5H,0  -I-  671,000  col.  — CJiu)0,  +  60». 


h 


388  COLLEOB   CHEMISTRY 

This  at'tion  goes  on  only  in  sunl^ht,  and  if  green  loaves  arc  placed 
under  water  siituratcit  with  carbon  dioxide,  oxygen  is  given  off 
and  fan  be  collected.  i 

The  enormous  amount  of  energ>-  absorbed  in  the  aetion,  and 
represented  in  kruis  of  beat  in  the  equation,  is  furnished  by  tho 
sunlight.  It  may  be  added  tbat  plants,  like  auimabt,  also  use 
some  oxygen  and  prodtux*  i<ome  carhoti  dioxide,  but  this  provess  is 
entirely  overborne  in  daylight,  and  U  iiotiRcable  only  iu  the  dark. 

The  energy  that  does  the  world's  work  cornea  mainly  from  two 
sources,  namely,  water  power  and  the  combustion  of  wood  or  coal 
(which  is  fossil  wood).  The  water  comes  from  vapor,  generated 
by  the  «u«'«  heat,  condensed  as  rain,  and  ultimately  feetling  the 
rivers.  The  source  of  the  enej-Ry  in  wood  and  coal  is  now  apparent. 
When  wood,  which  is  largely  cellulose  (CiHitiOOj,  bums,  it  givea 
carbon  dioxide,  water,  and  heat.  In  fact,  its  combustion  is 
represented  by  the  al»ve  equation,  when  read  backwardtt.  Thus, 
the  sunlight,  through  the  machinery  of  the  plant,  takes  carbon 
dioxitle  and  water,  supplier  the  enci^  (as  ligbt),  and  gives  us 
wood  and  oxygi-n.  And  the  wood  and  oxygen,  when  burned,  give 
u»  back  the  original  substance,  and  the  etiuivalcufc  of  Ihc  original 
energy  in  the  form  of  heat.  Thus,  the  two  sources  of  energy  turn 
out  to  be  the  same,  namely  the  sun's  rays. 

If,  instead  of  btirning  the  starch  of  the  plant,  we  consume  it  as 
food,  it  goes  through  lei/wo/  changes  iiistoad  of  one.  But  the  Gnal 
pro<lurta  are  the  same,  namely  carbon  dioxide  and  moLsturc,  given 
oft  through  our  lungs  and  skin,  and  heat  and  other  forma  of  enerjo' 
such  na  are  developofl  in  animals.  Thus,  whether  we  usn  our 
muscles,  a  steam  enguie,  or  a  water  turbine  to  do  work,  sunlight 
is  in  each  case  the  ultimate  source  of  the  energy  employed. 

Exercises.  ~  I.  To  which  two  factors  in  the  interaction  of 
calcium  carbonate  and  hytlrochloric  acid  (p.  381)  is  due  the  forward 
diaplacement  of  all  tbe  equilibria? 

2.  What  wilt  be  the  exoees  of  pressure  inside  a  Imttle  of  sods 
water  when  4  vols,  carbon  dioxide  arc  dissolved  in  1  vol.  water? 

3.  What  volume  of  liquid  carbon  dioxide,  measured  at  0',  will  be 
required  to  gi^'e  75  liters  of  tho  gft.s  at  0°  and  700  mm.  pressure? 

4.  What  are  the  exact  relative  weights  of  equal  volumes  i 
carbon  dioxide,  carbon  monoxide,  air,  and  steam? 


CHAPTER  XXIX 
TRB  BTDROCABBONS.     ILLUHINANTS.    TLAME 

TfTB  compounds  of  carbon  and  hydrojpiti  are  called  the  hydro- 
carbons. Hundreds  of  different  hydrocarbons,  (lontaininR  different 
proiwrtiona  of  the  two  elements  are  known.  The  natural  oil 
petroleum  is  a  mixture  of  many  substances  of  this  class. 

The  hydrocarbons  fall  into  several  distinct  scries,  the  chief  one 
of  which  contains  methane  CU,  as  its  simplest  member.  On 
account  of  the  fact  that  certain  members  of  this  set  are  found  in 
paraffin,  it  is  commonly  known  as  the  panUSn  serUs.  For  the 
reason  that  in  this  series  the  carbon  hue  ;ill  its  four  valences  em- 
ployed, the  members  are  also  called  the  saturated  hydrocarbons. 

Paraffin  or  Saturated  Series  of  flydrot^rbons.  —  The  fol- 
lowing is  -A  list  of  th<-  nnmcs.  formula-,  »nd  boiling-points  of  seven 
of  the  mnipicst  hydrocarbons  of  tiua  iwrics,  and  of  two  of  the  higher 
members  of  the  scries; 


Mtrthnoc  CU,    b.- 

a.  -104" 

H«qtane               (\H„  b^)     71* 

Eihane     CH.     ■' 

-  8B.5" 

rirptiitic              C^Hm     "        W 

I*mpii[i«    CjHi      " 

-  37" 

Bemdecane        CwHu    "      387M 

ButAlin        ("ill  10        " 

■I-  r 

-     in.-p.    18*  ' 

PMtanc    CtH,i     " 

36' 

PwiUilrinontanc  CuHn    "        74.7* 

Aft*T  tlie  first  four,  the  names  ore  based  on  the  Greek  numerals 
rejiresenting  the  number  of  carbon  atoms  in  the  molecule.  Hep- 
tane is  followed  by  octane  CnHu,  nonanc  CiHm,  decanc  CtoHa, 
etc.  On  examining  the  formula',  wc  pcrt'civc  that,  in  each,  the 
number  of  hydrogen  atoms  is  equal  to  twice  the  number  of  carbon 
atoms  plus  two.  The  gencrid  furinuht  is  tlioreforc  C«Hi»+i. 
The  series  illustrates  strikingly  the  law  of  combining  weights  (p. 
42).  We  note,  also,  that  lUc  flrst  four  ar«  gu«s  at  room  tcmpcrap 
ture.  The  members  from  pcutuni-  to  piTitadccano  CitH^  we 
liquids,  and  from  hexadec^no  onwitrds  th<-y  art-  solids. 

In  these  cumpuundH  the  carbon  is  quadrivnlciit,  and  each  sub* 
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Rtanoe  is  rdated  to  the  precMling  oue  by  coDtaining  the  udditioual 
unit«  CH,.  Thft  graphic  formulie  of  the  Gist  three  mcnibcni 
iilustrate  these  two  facts: 


H 

H 

H 

H 

H     H 

1 

I 

1 

I 

1       1 

H-C-H 

H-C- 

-C- 

-H 

H-C- 

-c-c-a 

I 

I 

1 

1 

1     1 

H 

R 

H 

H 

H     H 

Thc«e  hydrocarbons  arc  extremely  indifferent  in  their  chsmJoal 
bahftvior.  They  have  none  of  the  properties  of  nci<l»,  bases,  or 
eaJU.  The  halo^;ens,  notably  chlorine  and  bromine,  however,  in- 
teract with  them  (see  below).  When  burned  they  all  produce 
ciirbon  dioxide  and  water. 

Pf.trofeum.  —  Petroleum  is  a  thick,  often  gpeenish-brown 
colored  oil.  When  borings  reach  the  ml-bcaring  strata,  the  oil, 
hitherto  held  IwDcath  irnpcrviouH  Etruta,  and  oftt-n  under  hydro- 
static pressure  of  wiitcr  undornfath  or  around  it,  cither  guKliCTt  up 
or  is  puiui«-'tl  to  the  surfiicc.  Wells  arc  in  operutioii  in  Caucusiu, 
Gallicia,  India,  Japitn,  imd  in  Ontnrio,  Ohio,  Poniusylvaniii,  CaU- 
fornia  and  elscwliore  iu  North  Ainciicn.  Tliw  world's  produotiori 
in  1912  WI18  350  million  barrels  (42  (Ril.  each),  of  which  nearly  220 
milliouH  were  produced  in  the  United  States. 

The  oil  i.-*  n  complex  mixture,  and  is  parliaUy  separatrtl  by  dis- 
tillation (p.  93)  into  proiluots  which  are  still  mixtures,  but  are 
suited  \a  siierial  purposf-s.  The  components  of  lower  boiling- 
point  come  off  first  and  the  temperature  rises  steadily  as  these 
components  are  eliminatetl  and  those  of  higher  and  higher  boiling- 
point  enter  the  vapor.  .\a  certain  temperatures  are  reached  (or 
as  the  sp.  gr.  of  the  distillate  attains  certain  values)  the  condensed 
liquid  is  diverted  into  different  vessels,  so  as  to  collect  together 
the  "fractions"  ot  the  same  kind.  This  is  called  fractional  dis- 
tillation. 

At  some  suitable  stage,  the  re«dua]  oil  is  chilled,  and  a  quantity 
of  the  solid  members  of  the  series  (CkHw  to  CbHw)  erj'stullin.'S  in 
flakes  (solid  paraffin)  and  is  separated  by  filtration  in  presses. 
The  final  residue  is  used  for  lubricants  and  for  fuel.  The  fr!ictioii8 
are  still  mixtures,  but  contain  mainly  compounds  lying  close  to- 
gether in  the  series.    Some  of  the  products  arc  as  follows: 
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Kama. 

CampoamatM. 

B..P. 

L— 

I'Alralcum  ether 
Gaaolinei  ... 
Na^thu  .... 
Benaiue   .   .   .   . 
Kcrown*    .   .   . 

PentiuxK,  htixAoti 
livxano,  hcrptan*! 
Heplauf-,  octane 
(Jclanc,  tioiiane 
tier  nnfvhrxii<ii-r!irn? 

40°'  70" 
70'-  00' 

!30°-IS0* 
lS0*-30ft" 

Solvent,  KkA-mukiii^ 
Solvent,  lud 
Solvent,  fud 
Solvent 
liluminn  ting-oil 

PotroUtum  (vaseline),  C^Hm  to  Ct>IIu,  ia  separated  in  aonie 
refineries.  Solid  paraffin  in  employed  in  waterproofing  paper,  aa 
an  ingredient  in  candles,  in  the  laundry,  and  to  cover  prefler^'Cfl, 
SaroHna,  for  oil  lamps,  ia  uaually  the  largest  frat^tion.  To  be 
used  safely,  it  should  not  give  any  inflammable  vapor  below  65* 
(180°  F.),  which  is  the  legal  flash-point  in  many  states.  Special 
treatment,  such  as  superheating  the  vapor  under  high  pressure 
(Rittman's  process),  is  used  to  increase  the  proportion  of  KBSoUno 
(petrol)  for  which  there  is  a  large  and  increasing  demand. 

Aipbalt,  a  natural  mixture  of  solid  hydrocarbons  found  particu- 
larly in  Trinidad,  is  used  in  road-injiking. 

Methane  Cff«,  —  Methane  is  the  chief  component  of  natural 
■M  (over  90  per  cent),  which,  like  thu  oil,  is  confined  beneath 
impervious  strata  and  is  forced  out  through  borinjpt  by  hydro- 
static pressure.  It  is  found  mniiily  in  or  no:ir  the  localities  where 
oil  is  found.  It  also  rixcs  to  IIk-  surface  when  the  bottoms  of 
niarehy  pools  are  disturbed  (Harsh-gai),  and  issues  from  seems  in 
coal  beds  a;*  fir»-dunp  f(3cr.  Oimipf,  vapor).  In  these  two  caata 
it  results  from  lite  decomposition  of  vegetable  matter  in  ahHftnee 
of  air.  Ms  fomuition  by  dire<!t  union  of  carbon  and  hydrogen  has 
alreod)'  been  discu-swed  (p.  378). 

Methane  may  lie  mad*  from  inorganic  materials  by  the  action  of 
water  upon  aluminium  carbide,  prepared  by  the  interaction  of 
aluRiinium  oxide  and  carbon  in  the  electric  furnace  (^.  pp.  378, 
377): 

AUCt  +  12H^  -.  4A!{0H),  -|-  3CH^ 

In  the  laboralori/  llie  gait  is  commonly  obtained  by  the  distillatJOQ 
of  a  di)'  mixturt:^  of  t«)(lium  acetate  and  sodium  hydroxide: 

NaCO.CH»  +  NaOH  —  Na*CO,  +  CH,. 
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As  rcgArds  olwioiokl  prtqwTtiM,  mi'llijinc,  like  ottiCT  saturated 
hydrocarbons  (ii.  390),  is  vi^ry  imiifffrcnt.  Wh«ii  a  mixture  of 
methane  and  chlorine  is  exiMj)«-ii  t<i  .itinhght  several  cliaugcs  occur 
in  succession  {cf.  p.  162): 

CH*  +  CI, — cn.ci  +  irci,  ch/:i  +  ou  -  ch,c^i,  +  hci, 

CH/:i,  +  Cls  —  C:HC1,  +  HCI,    CHCl,  +  CI,  —  CCI,  +  HCI. 

This  kind  of  interaction  with  the  halogens  is  characteristic  of  com- 
pounds of  hydrogen  and  carbon.  It  lakes  place  slowly,  and  is 
tht^refore  entirely  <iifferent  from  ionic  chemical  cttangc.  It  con- 
sists in  a  prugrc^ivc  substitution  of  ctdoriuc  for  hydrogen,  unit  hy 
unit.  Chloroform  CHClj  iind  ciirbon  tetrachloride  CCI4  (p.  379) 
are  familiar  .-tul^staiu-ttn.  The  iodine  dt^rivutivv,  Iodoform  CHli  is 
used  ill  surgiciil  dressi»|^.  These  Bul>staQces  are  not  salts,  and  arc 
not  ionizeil  iii  Bohition.  They  are  very  slowly  hyilrolyxcd  by 
water  —  carbon  ti'trarhloride,  for  example,  giving  carlx)uic  add 
and  hydrochloric  acid. 

Methane  and  the  other  natiirated  hydrocarbons  are  decomposed 
by  strong  heating  (see  cracking,  below). 

Vtumluratrd  Hydrocarbons.  —  In  addition  to  the  saturated 
series  of  hydrocarbons,  neveral  other  seriea  are  known  in  which 
smaller  proportions  of  hv'drogpn  are  present.  Thus,  ethylen* 
Ctllt,  to  which  iltuminatiiig  gas  largely  owes  the  luminosity  of  its 
flame,  bclfuigs  to  a  series  Cnlltai  all  the  members  of  which  contain 
two  atoms  of  hydrogen  less  than  the  corresponding  compounds  of 
the  first  series.  Again,  a£«tylena  CJI,  is  the  first  member  of  a  seriea 
CbHii^j,  and  bsniso*  C«H«  begins  a  scries  C„Hj,-«,  of  which  toIu«na 
Cillg  (p.  y4il)  is  the  second  member.*  These  are  all  unsiituralod 
because  the  full  valence  of  the  carbon  is  not  in  use,  and  these 
compouiid.1,  tlierefore,  unite  more  or  less  readily  with  hydrogen, 
chlorine,  bromine,  and  concentrated  sulphuric  ucid.  The  hydro- 
carbons of  all  the  series  are  mutually  soluble,  but  none  of  them 
(tisaolve  io  wata'. 

Members  of  the  ethylene  and  acetylene  serieii  arc  found  in 

■  •  boprene  GJI,.  n  aieinber  of  Ihe  uniiaturat«l  Merica  C„Hi»  1,  when  limlvd 
in  T/atntacr.  of  sodiuiii  (or  boiup  ulbcr  ci)iiia'-t  ii^itnt),  idungcii  intii  oai>iitpli(iUR 
(CiH|1i  or  rnw  riiblxir.  No  aicUioi]  uf  piirpuring  tyallMtlc  rubber  han  yvt  b»Mi 
uiKd  conunercialiy. 
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petroleum,  and  are  formed  also  to  some  extent  by  decomposition 
during  the  diHtillation.  As  oil  containing  tbem  acquires  dark- 
cotored  products  liy  chemical  change,  the  oils  are  always  refined 
before  being  sold.  They  arc  agitated  with  concentrated  sulphuric 
acid,  which  unites  with  the  unsaturated  substances  and,  being 
insoluble  in  the  oil,  collects  in  a  layer  bctow  it.  The  oil  is  finally 
washed  free  from  the  acid  with  dilute  alkali  and  with  water. 

Ethylene  C^^.  —  Ethylene  is  the  first  memfwr  of  the  second 
scries  of  hydrocarbons.  It  corrt»poiids  to  ethane  CiH«,  but  con- 
tains in  each  molecule  two  hydrogen  unite  k»w  thim  docs  this 
substance. 

Ethylene  is  mad*  by  heating  commou  alcohol  (ethyl  alcohol) 
with  concentrated  sulphuric  acid: 

C,H,OH  — H,0  +  CH,T. 

A  comparison  of  the  graphic  formula  of  the  alcohol  and  ethylene 
shows  that  this  loss  of  water  leaves  the  carbon  partly  unsaturated: 


H     H 

1                J 

H     H 

1                \ 

H    H 

1       1 

H-C-C-0-H 

-C-C- 

1        1 

1       1 
or    H-C  =  C-H 

1        1 
H     H 

1        1 
H      H 

The  elements  of  water  may  also  be  removed  by  allowing  the  alcohol 
to  Fall  drop  by  drop  onto  heated  phosphoric  anhydride. 

Ethylene  is  formed,  along  with  acetylene  and  other  substancm, 
when  any  siituratcd  hydrocarbon  is  heated  strongly.  Even 
methane  gives  it: 

2CiU  -*  CH<  +  2H,. 

Ethylene  is  a  gas.  It  burns  in  the  air  with  a  flame  which,  on 
account  of  the  great  separation  of  free  carbon  which  takes  place 
temporarily  during  the  combustion  (^.  FUime),  is  highly  luminous. 
It  will  \w  seen  that,  in  the  formula,  but  three  of  the  valences  of  each 
carbon  unit  arc  occupied:  the  8ub»tancc  is  unsaturated.  Henoe, 
when  ethylene  is  passed  through  liquid  bromine  it  is  rapidly 
aljsorbt'd,  lind  the  bromine  scemB  to  increase  in  volume  and  finally 
loses  nil  it.i  eolor,  hcm%  cmivcrtMl  into  a  (r.inR parent  liquid  having 
the  composition  tJiH^Br;,  vthjiuia  bromid*. 
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Acetylene.  —  This  sulnrtiincv,  likewiac  a  gas,  a  the  fint  member 
of  Btill  aDothcr  unsuturut^  soriM.  Its  formula  Cjllj  sbows  that 
its  niolctrulc  lucks  fuur  uf  ttu-  hydrogvn  units  iKvcssury  to  the  com- 
plete imturut  ion  which  wt- find  in  L'thanc.  Graphically  H«  structure 
in  uEually  ri'prc»cnt«l  thus:  H  — C  =  C  — H.  This  gus  is 
formul  in  snmll  quimtilics  by  direct  uniou  of  carbon  and  h>-droscn 
in  thu  (;k<ctric  arc  (p.  378).  This  is  because  tlie  reaction  is  en- 
dotherinul  (p.  189).  For  the  same  rcaw)n,  it  is  also  produced  when 
ethylene  ii*  passed  through  a  heated  tube:  C|H(— *CiHi  +  H» 
(,(;f.  Flame). 

When  calcium  carbide  (p.  379)  is  thrown  into  water  it  h  hy- 
drolyzed.  \''ioIcnt  effervp*cci».'c  oceure,  the  caleium  carbide  'm 
diaintcgrated,  a  precipitate  of  cidcium  h>'dn»[ide  is  formed,  and 
acetylene  panes  off  as  a  gus: 

CaC  +  2H,0  —  C:«(OH),  +  CH,. 

This  action  is  like  that  of  water  on  calcium  phosphide  (p.  365), 
magnesium  nitride  (p.  339),  and  aluminium  carbide  (p.  391). 

Acetylene  bums  vnih  a  Same  which  is  ntill  more  luminous  than 
that  of  ethylene.  On  account  of  the  large  amount  of  heat  absorbed 
when  it  is  formed:  2C  +  tl, -•  CiHi  —  53,200  cal.,  an  equal 
amount  is  liberated  when  it  decomposes.  If  the  gas  is  compressed 
in  tanks,  it  is  therefore  apt  to  explode  from  any  shock.  It  la 
frequently  made  in  gencrjitors,  as  needed,  by  the  foregoing  action, 
and  is  um.'d  for  liglitmg  on  autornobiles  and  in  regions  remote  from 
a  public  supply  of  illuminntiiig  gas.  The  acetylene  tanks,  which 
are  also  in  »m,  contain  acetylene  di^olved  under  high  pressure 
in  acetone,  a  form  in  which  it  ctm  be  handled  safely. 

When  acetylene  CjHi  is  burned,  we  obtain  from  2  X  12  +  2  = 
26  g.  not  only  the  lieat  due  to  the  combustion  of  the  carbon  (2  x 
12  X  8040  eal.,  p.  376),  and  of  the  hydrogen  (2  X  28,800  cal.),  but 
also  the  heat  due  to  the  decomposition  of  the  gas  (53,200  cal.). 
The  temiMjrature  of  the  flame  Ls  therefore  extraordinarily  high. 
The  oxyacetylene  flame,  produced  by  means  of  a  suitable  burner 
(Fir.  .■^2,  p.  .^8),  is  now  used,  under  the  name  of  tbe  aoetylano 
toreb,  for  cutting  metals.  The  gases  are  contained  in  portable 
tanks.  Such  a  flame  will  melt  ita  way  throu^  a  6-inch  shaft  or  a 
steel  ])kto  several  feet  wide  In  less  than  a  minute,  cutting  the  object 
in  two.    Steel  buildings  have  thus  been  taken  down,  and  ships 


THE   HTDBOCARBONft 


395 


(like  the  Maine)  Imvc  been  cut  up  for  reinoval.  Other  ftascs,  like 
bliiu  git8  mid  oil  g!i*,  niinlo  by  crrtcking  petroleum  {see  l>elow),  are 
HOW  <li.«|>liicing  iiwtjiciw  for  this  purpose,  as  they  axe  almost  as 
efTcctive,  niicl  the  flame  is  more  easily  controlled. 

Cntcking  of  tiydrtfcarbonti.  —  All  hyiirocarIx>ii3,  when  heated 
strongly  (air-excluded)  decompose  or  ei«ck.  The  chanKen  seem 
to  be  revej-sihle,  and  the  result  therefore  depends  upon  the  con- 
ditions. Thus,  at  atmospheric  pre-s-sure,  and  especially  when  the 
oil  is  mainly  present  as  a  Hr|iiid,  hydi'ngen  is  ([iven  off  and  un- 
saturated liquid  and  gaseous  hydrocarbons  are  produced.  Under 
such  conditions,  ethylene  is  formed  in  large  amounts.  On  tJie 
other  handj  when  an  oil  free  from  gasoline  is  completely  vaporiKed 
(500*),  and  is  under  high  pressure,  the  hydrogen  is  forced  into 
oombination  with  the  broken  molecules  and  the  saturated  con- 
Btitucntfi  of  gasoline  arc  producer!  in  largo  umouut  (Rittman's 
process). 

At  a  white  beat,  nil  the  hydrocarbons  decompose  into  hydrogen 
and  free  carbon.  The  latter  is  deposited  in  a  dense  form  colled 
fos-xtirboD,  which  is  mure  or  k^se  er>i!talli]ic  0>kv  graphite)  and 
uiwid  iu  mitkiiig  carbon  rotl-s  for  arc  lights  and  electric  furnaces, 
and  eArbon  plates  fur  batteries,  and  for  the  electrodes  employed 
in  deotrolyds.  The  carbon  Ls  gronml  up,  moistened  with  petro- 
leum residues,  subjected  to  hydraulic  pressure  and  finally  heatetl 
Btfoogly  to  expel  volatile  matter. 

Carhuretled  Water  Ca». —  As  we  have  seen,  water  gas  is 
essentially  Hj  +  CO  fp.  380),  and  burns  witJi  a  pale-Mue  flame. 
To  fit  it  for  use  as  illuminating  gas,  unsatunitcd  hydrocarbons, 
which  burn  with  a  luminous  Bamo,  such  as  ethylene  C,Il4  "and 
acetylene  CiH,  must  be  added.  Tbo  gas  is  sent  through  a  tower 
containing  strongly  heated  briek  on  which  a  i>ctroleum  o3  is 
sprayed.  Mixed  with  \hc  vapor,  the  gw  then  passes  into  tbc 
"8Uperhe.ater"  where,  at  a,  higher  temperature,  the  cracking  into 
unsaturate  hydrocarbons  occurs.  The  gas  is  then  cooled  and 
waslied  to  remove  condcnsible  hydrocarbons,  which  would  other- 
wise obstruct  the  service  pipes.  A  typical  carburetted  water  gas 
has  the  composition:  llluminants  17  per  cent;  heating  gases, 
methane  20  per  cent,  hydrf>gen  32  per  cent,  carbon  monoxide  26 
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per  cent;   iinpuritk'S  (nitrogcii  iind  eurbuu  dioxide)  5-6  per  ixat. 
A  tinme  burning  5  cu.  ft.  pc-r  hour  gives  25  niadlu  power. 

BUu  KM  niid  Oil  (M,  such  as  Piubich  gus,  coutuin  Itu-gcr  pro- 
portions of  iUiuiiinnDts.  Thu»  »  good  oil  gfts  shows:  illuiiiinauts 
45  per  cent;  heating  gaws,  niethuiie  39  por  oent,  hydrogen  ]-l.5 
per  cent;  impurities  1^  per  cent;  candle  power  65.  Such  gases 
are  comprewwd  in  tnnks  and  used  for  illuminstioQ  on  railway 
trains  (Coal  gas,  see  p.  410). 


Flakb 


Meaninfi  of  the  Term.  —  In  the  combustion  of  chuTroal  there 
is  hiirdly  any  Same,  for  the  light  emauutvii  almost  entirely  from  the 
inojiiK!r.-«i'ctit,  iiiu8Hiv«  solid.  Wticn  tw-o  gaoct*  arc-  mixed  and  »ct  on 
fin:,  ji  sort,  of  fi<iiric  [itiwwv  ttirougli  the  mixture,  but  this  can  hardly 
be  lUToiiiilrd  n  llarnf,  in  the  ordinwry  ttense,  cither.  The  rapid 
movement  of  tin-  n:i.-ii,  ;iTi'i  the  explosion  which  aecompanies  it, 
are  in  ft  manner  tli<'  !in->-iHc  opposite  of  the  qiuet  combustion  which 
is  characteriHtii-  i>f  f!nrtie». 

With  iliimitnating  gas  the  production  of  it«  very  characteristic 

flame  is  due  to  the  chemical  union  of  n  stream  of  one  kin<l  of  gas 

in  an  atmospheTc  of  another.     The  fiame  is  made  up 

Bof  the  heatrfld  matter  where  tlie  two  gases  meet.     In 
the  rase  of  a  burning  candle  (Fig.  102),  one  of  the 
bodies  appears  to  be  a  solid,  but  a  closer  scrutiny 
of  the  phenomenon  shows  that  the  solid  does  not 
burn  directly,     A  combustible  gas  is  manufactured 
continuously  by  the  he«t  of  the  combustiou  and 
rises  from  the  wick.    The  introduction  of  a  narrow 
tube  into  the  interior  of  the  flame  enables  us  to 
Pio.  102.         draw  off  a  Blreain  of  this  gas  and  to  ignite  it  at  a 
remote  )H>int.     ThuH,  a  flams  U  a  phenomenon  produced  at  the 
auifMe  where  two  gaaee  meet  and  undergo  combination  with  the 
evolution  o(  heat  and,  more  or  leu,  licht. 

In  the  cheiiiiciil  point  of  view,  it  is  a  matter  of  iiidiffervucc 
whether  the  gas  outside  the  flniiie  cuntnins  oxygen,  and  the  gas 
inside  consiiitG  of  8ub8taiice.s  ordinarily  known  as  combustibles,  or 
whether  tlua  order  is  reversed.  In  an  atmosphere  of  ordinary 
illuminating  gfi»,  the  flame  must  be  fetl  with  air.    This  condition 
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ia  cosily  roalizod  (Fig.  103).    Tbc  kiup  chimD«y  ts  cloecd  at  the 

top  uutil  it  liOif  become  fillod  with  illumiuutitig  gfis.    This  can  be 

ignited  as  it  issuett  from  the  bottom  uf  the  wide,  strai^^ht  tube. 

Wheii  the  hole  in  the  cover  of  tbc  lamp  chimney 

is  then  opened,  the  upwarti  draft  causes  the  flame     ^ 

of  the  tnirniiig  ga«  to  recede  up  the  tube,  and  there 

results  a  tiaiiio  fed  by  air  and  burning  in  coal  gas. 

Luminout  Flamifn.  —  The  flame  of  hydrogen, 
under  oixlinary  ri re ii instances,  is  almost  invisible, 
nearly  all  the  energy  of  the  combustion  bejng  de- 
voted to  the  prodtiction  of  heAt.  A  part  of  this, 
however,  may  i>e  transformed  into  light  by  the 
Eusprnsion  of  a  suitable  solid  body,  such  as  a 
platinum  wire,  in  the  flame.  The  holding  of  a 
piece  of  quicklime  in  an  oxyhydrogen  flame  (</.  p. 
58)  is  a  practical  illustration  of  thie  method  of 
securing  luminosity.  In  general,  luminosity  may 
be  produced  by  the  presence  of  some  solid  which  is  bcat«d  to 
mcondcscencc. 

In  the  Welsbach  lamp  the  flauic  itecif  in  nonluminous  and,  but 
for  the  ninntlo,  would  hv  id^'ntical  with  the  ordinary  Bmiseo  flame. 
The  mantle  whicli  hangs  in  the  flame,  however,  by  its  ineaudi'«- 
oeooe,  furnishes  the  light.  This  mantle  is  compuM^d  of  a  mixture 
of  99  per  cent  thorium  dioxide  ThO»  and  one  per  cent  cerium 
dioxide  CeOj.  These  oxides  act  a.i  a  contact  agent,  ha^l^ening 
tlie  combustion  and  litwration  of  beat  close  to  their  surface,  and  so 
ac(]uire  a  temperature  higher  than  the  average  for  the  rest  of  the 
flame.  The  Welsbach  lamp  gives  four  times  as  much  light  as  does 
tile  same  gas,  issuing  at  the  same  rate,  from  an  oniinary  burner. 

In  casea  of  brilliant  combustion,  as  of  magnesium  ribbon  or 
phosphorus,  a  solid  body  is  formed  whose  incandescence  accounts 
for  the  light.  The  flame  of  ordinary  illuminating  gaa  docs  not  at 
flnit  sight  appear  to  give  evidence  of  the  prtwence  of  any  aolid  body. 
But  if  a  cold  evaporating  dish  is  held  in  the  flame  for  a  moment,  a 
thick  deposit  of  finely  divided  carbon  (soot)  is  formed,  and  we  at 
once  rcalisie  that  the  light  is  due  to  the  glow  of  these  particles  in  a 
ma)<N  of  intensely  hot  gas.  Carbon  is.  indeed,  an  extremely  com- 
bustible substance,  and  is  eventually  entirely  consumed.    But  a 
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fresh  supply  is  bdng  generated  continuoudy  in  the  interior  of  i 
flame,  while  the  ox>'gen  with  which  it  is  to  unite  is  outside  the 
flame  altogetiwr.  Thus  the  carlmn  particW  poraiBt  until,  drifting 
with  the  s[H%ading  gaa,  they  reach  the  periphery  of  the  Hanie. 

On  a  large  scale,  oil  residues  are  burned  so  that  the  flame  strikes 
a  revolving,  iron  vessel  cooled  with  water.  The  soot  or  lampblack 
is  continuously  scraped  off  as  the  vessel  turns.  I^mplilack  is 
used  ui  making  printer's  ink,  India  ink,  and  black  varnish. 

The  Bun»€n  Flame. —  In  the  burner  devised  by  Robert 
Bunscn,  a  jet  of  ordinary'  Jlluminitting  giu!  is  proj(?cted  from  a  nar- 
row opening  iittou  widiT  tulx-  (Fig.  104).  In  this 
tube  it  becomes  mixed  with  tur,  entering  through 
openings  whose  tUniensioiiH  can  be  altered  by  means 
of  w  pi-rforaliMl  ring,  ftlit-ii  the  supply  of  air  is 
»uSicient,  the  flitine  becuiiios  noti>]umiiiou:<.  With 
a  »uniowhat  difTcrcnt  construction,  and  the  use  of 
H  IwUows  to  force  a  larger  proportion  of  aJr  inlo 
the  gas,  a  still  liotter  flame  cjin  be  [)roducc(i.  The 
instrument  in  this  case  is  known  ai^  a  btiA  lamp. 

The  high  temperature  of  the  blut  lamp  Sam* 
presents  an  interesting  problem.  The  .same  amounts 
of  gas  and  air  hum  t.o  give  the  same  amounts  of 
the  same  products,  whether  the  air  blast  is  on  or 
off.  The  same  amount  of  heat  in  produeed,  and 
the  same  quantities  of  the  same  substances  are 
heated.  The  average  temperature  throughout  the 
flume  should  therefore  be  the  same.  In  point  of  fact,  it  is  the 
same,  but  the  stream  of  hot  gas  is  moviiig  more  rapidly  when  the 
blast  is  going.  The  temperature  of  a  body  immersed  in  the  flame 
depends,  on  the  one  han<l  upon  the  rate  at  which  heat  reaches  it, 
and  upon  the  other  on  the  rate  at  which  it  loses  heat  by  radiaticm. 
The  heat  is  partly  carried  by  the  moving,  heat«d  gfiec*  (convoctioo), 
and  partly  transmitted  by  conduction  through  the  stationary  tayer 
(p.  331)  on  the  surface  of  the  body.  Now,  the  latter  is  the 
slower  process.  Hence  a  rapid  stream  of  gas,  which  leaves  a 
thinner  stationary  kycr,  will  diminish  the  cUstauoe  the  heat  has  to 
travel  by  conduction  and  so  convey  heat  to  the  IkmIv  fft.tter  thau 
could  u  dlow  stream  of  the  same  temperature.    Thus,  with  a  bli 
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6am(?,  the  lom  by  rodintioa  i»  t\w  !«\.xjk  nt  tlic  same  tcmpcruturc, 
but  hptit  rcuctics  the  lx>dy  faster  mid  ^o  the  temperature  of  th* 
body  more  nearly  upproa<;lic«  that  of  the  flume  it^lf. 

Structure  oj  the  Uluininating  and  the  Bun»en  Flame. — 

When  an  exceedingly  sniitll  luminous  fliuuc  Is  cxninined,  the  various 
parts  of  whieh  it  consists  may  easily  lie  made  out.  In  the  interior 
there  is  a  dnrk  cone  which  is  composed  of  illummating  gii«  and  air, 
and  in  it  no  rombui^tion  i»  takinit  place.  A  match-head  may  be 
held  here  for  some  time  without  being  set  on  fire.  This  is  there- 
fore not  properly  a  part  of  the  flam«.  Outside  this  is  a  vivid  blue 
lajer  (C,  FiR.  lOS)  ivliieh  is  fwBt  seen  in  the  lower  part 
of  the  flame,  but  extends  tx^neath  the  luminous  slieath, 
and  rovers  the  dark  inner  cone  completely,  ()ut«dc 
the  blue  flame,  and  covering  the  greater  part  of  it,  L'* 
the  cone-shaped  luminous  portion  (B).  Over  all  is  a 
faint  mantle  of  non-luminous  flume  {A),  which  be- 
comes visible  only  when  the  light  from  the  luminous 
part  is  purpoKcly  otwtrueted.  In  the  luminous  gas- 
flame,  therefore,  there  an'  four  regions,  if  we  count 
the  inner  cone  of  gsis.  Tlie  ditTerence  between  this 
and  the  non-luminous  Bunscu  flame  is  that  in  the 
latter  the  luminous  region  is  omitt#il,  and  the  inner, 
liark  cone,  the  blue  sheath,  and  the  outer  mantle, 
are  the  only  (wirts  which  can  be  distinguished. 

Thtf    CciuxMi   of  Lii ntinofity    anrt   ;V«>n-/.rinii- 

tuttity.  —  The  study  of  the  chemical  chanKes  taking 
place  in  the  Bunsen  flame,  particularly  with  the 
object  of  explaining  (1)  the  luminomty  of  the  flame  of  the  pure 
tfia,  and  (2)  the  non-luminoeity  of  that  produced  by  the  same  gas 
when  it  is  mixed  with  air,  has  been  the  subject  of  many  ehiborate 
investigations.  The  questions  are:  (1)  Why  is  carbon  liberated 
in  the  former  case,  and  (2)  why  is  it  not  liberated  in  the  latter? 
Lot  us  consider  these  questions  in  order. 

1.  The  investigations  of  Lewes  (!892)  and  otheiv  show  conclu- 
sively that  the  free  earljon  m  the  luminous  zone  of  the  ordinary 
flame  is  accompanied  by  free  hydn^^,  and  that  both  ore  formed 
by  diajociatiou  of  the  ethylene.    This  substiuicc,  wbeo  heated, 


Fri.  I  lift. 


400 


COLLEQB   CBBMISTRT 


gives  acetylene,  and  the  tatter  tbcu  cluGocuttcK  into  carbon 
hydrogen  (p.  3{M): 

C,H«-*H,  +  CH,-»2C  +  H,. 

The  ou-Ikiu  glows,  until,  as  it  drifts  outwards,  it  encounters 
oxygcu  of  the  air  and  b  burned.  The  first  oxy^n  encountered 
eunibiues  more  readily  with  the  hydrogen,  since  it  is  a  gas,  than 
with  the  carbon,  which  is  now  in  solid  particles  and  therefore  burns 
less  rcftdily.  That  carbon  glows  when  heated  in  the  absence  of 
oxygfsa,  without  being  consumed,  is  a  fact  familiar  in  the  liehavior 
of  the  inoandesoent  electric  lamp,  the  filament  of  which  ia  often 
mode  of  carbon. 

The  conoejrtion  that  when  hydroearbona  burn,  tJiey  first  underRo 
dissociation,  and  then  union  with  oxygen,  is  in  harmony  with  what 
we  have  observed  also  in  the  ease  of  the  combustion  of  hydro^n 
sulphide,  where  the  presence  of  free  sulphur  and  free  hydrogen  in 
the  iuterior  of  the  flame  was  demonstrated  (p.  268). 

2.   The  influence  of  the  air  admitted  to  the  Bunsen  burner,  ia 
interfering  with  this  diawciation  in  such  a  way  as  to  destroy  all 
luminosity,  is  the  most  difficult  point  to  explain.     The 
A  effect  is  frequently  attributed  to  the  oxygen  which  the 

jiir  contains.  This  view,  however,  is  seriously  weak- 
ened by  a  consideration  of  the  undoubttxl  fact  thjit 
oxygen  is  not  required.  Carbon  dioxide  and  steam 
are  equally  efficient  when  introduced  instead  of  air 
(Kig,  106,  gas  enters  at  a  and  COu  at  b).  Ei-en  nitro- 
gen, which  cannot  possibly  be  suspect^xl  of  furnishing 
any  oxjgen,  likewise  destroys  Ihc  luininoaity.  Lcwea 
has  shown  that  0.5  volumes  of  oxygen  in  1  volume  of 
coal  gas  destroy  the  Imnlnosity.  But  2.30  volumca 
of  nitrogen  or  2.27  volumes  of  air  ftccotiipli.*!!  thi^  same 
rcMutt.  Thus  the  efficiency  of  jiir  is  not  much  greater 
°  than  that  of  nitroKcn,  in  spite  of  the  fact  that  oni>- 

Flo.  too,  ^,.,       f  ,,       -  ■ 

fifth  of  the  former  is  oxygen. 
It  ia  evident  that  the  effoet  is  due,  in  part  at  least,  to  the  dilvHon 
with  a  cold  gas.  This  is  confirnu-d  by  the  ol)servfttion  that  a  cold 
platinum  dish  held  in  a  small  luminous  Same  ia  similarly  destruc- 
tive of  the  luminosity.  If  the  tulte  of  the  Bunsen  burner  is  hfate<I 
BO  ttiut  the  mixed  gaacs  are  considerably  raised  in  temperature 
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before  reaching  the  noa-luminoua  Same,  the  latter  becomes  lumi- 
noiu.  It  is  probable,  therefore,  that  the  cold  giut  lowers  the  tem- 
ptTitttire  of  the  ituier  flume,  and  at  the  same  time  the  dihition 
(liiiiiuishett  the  speed  with  whieh  the  free  c;irbon  is  formed  (I-ewes). 
Even  if  the  temperature  is  not  reduced  below  that  at  which  dis- 
sociittioii  of  the  ethylene  can  occur,  yet  the  dilution  and  coolinK, 
tojpHher,  prevent  thjit  sharp  disHocintion  at  this  particular  point 
which  is  nec<^««!iry  for  the  production  of  the  (treat  ex<:eaa  of  free 
carbon  ue**ded  to  furnish  the  light. 

Before  these  InviwtigittionH  were  miule,  a  different  answer  was 
givi^n  to  the  question  why  the  flame  of  pure  illuminatinR  gaa  eon- 
tains  free  carbon  and  ia  luniiuous.  It  wiw  said  that  hydrogen  was 
more  enaily  burned  than  carbon,  and  therefore  the  latter  was  left 
free,  to  be  bnniwl  later.  It  is  true  that  gaseous 
hydrogen  liurns  mure  easily  than  «o/i(i  carbon,  e.g., 
charcoal.  Rut  in  ethylene-,  bitth  elements  are  equally 
gaseous  an<l  the  explanation  is  faulty.  Smithella 
(1802)  demonstrated  the  falsity  of  this  explanation 
by  devising  a  eono-separator  (Fig.  107).  The  air 
and  etliylene  or  other  ga^  are  admitted  separately, 
and  the  imier  cone  of  the  non-luminous  flame  rest^ 
on  the  inner,  narrow  tube,  while  the  outer  cone  is 
at  the  top.  By  means  of  a  side  tube  (not  shown)  he 
withdrew  the  inter-conal  gas  and  foimd  that,  while 
all  of  the  carbon  was  burned  by  tbe  inner  cone  as  far 
ivt  enrlx»n  monoxide  CO,  most  of  the  hydrogen  was 
still  entirely  uncombined.  The  change  in  the  inner 
cone  of  the  Butiscn  Qame  consists,  therefore,  mainly 
in  the  burning  of  all  the  hydrocarbons  to  carbon  monoxide,  with 
lifjH -ration  of  the  hydrogen.  In  the  outer  cone,  it  is  practically  a 
burning  of  water  gtuK  that  is  taking  place. 


Pin.  lUT. 


Exmrciaex, —  1.  Write  a  graphic  formula  for  hcxaue. 

2.  Write  au  equation  fur  the  formation  of  almuinium  carbide 
(p.  391). 

3.  Make  a  section  showing  the  shape  of  the  flame  produced  by 
burning  hydrogen  gas  when  the  latter  issues  from  a  inrcular 
opening. 


CHAPTER  XXX 


TBZ  CABBOHTDRATBS   AMD  RELATED  SUBSTANCES 

A  PLANT  takes  carbon  dioxide  from  the  air  and  water  from 
ground  aiid,  using  th«  energy  of  sunlight,  converts  them  into  a" 
growing  framework  of  [M.'llu!ose  (C»IItoOj)„  and,  as  wo  have  seen 
(p.  3S7),  iiito  stiu-fh  CC»Hii>Ot),  which  it  storra  in  the  cclla^| 
The  wllulost-  of  certain  plants  fmnishes  us  with  cotton,  linon^^ 
jute,  and  paper.  The  starch  of  wheat,  oats,  maize  (com),  and 
potatoes  is  one  of  tlie  drief  foodstuffs  they  contain.  The  phuit, 
when  dead  iind  buried,  chungw*  into  cool.  The  fresh  wood,  when 
distilled,  supplies  wood  spirit  (methyl  ak'ohol)  and  other  useful 
substances,  and  the  residue  is  the  valuable  chareoul.  Further- 
more, from  starch  we  can  readily  tiuike  sugar,  nleuhol,  and  other 
familiar  mati-rials.  Celhilose,  starch,  imd  the  sugars  (e.g.,  cane- 
sugar  CuHaOii)  coTitain  oxyg«?n  and  hydrogen  in  the  same  pro- 
portions in  which  they  are  present  in  water,  2H  :  10.  They  might 
hv  lonsicicred  hydrates  of  carbon,  and  so  they  are  CAllcd  the 
carbohrdratea.  The  foregoing  brief  summary  shows  that  the 
curbohydratea  introduee  lui  to  a  much  greater  variety  of  inter- 
esting organic  comiKiundit  than  does  petroleufu. 


CiflluloM!  (CoifioOn),  and  Paper.  —  The  wall  of  each  ee 
aiid  therefore  tlie  whole  framework  of  a  plant,  is  made  of  cellulose.' 
Linen  and  cotton  are  pure  cellulose.  The  walls  of  the  cells  are 
u.tiially  more  or  less  thickened  by  a  substance  called  Usnln,  which 
has  much  the  same  composition,  but  different  chemical  behavior. 
The  l>est  paper  is  made  of  cotton  or  linen  (rag-paper).  Cheaper 
kinds  are  prepared  by  cutting  wood,  such  as  spruce  or  pine,  into 
chips  and  treating  ("cooking")  them  with  a  solution  of  calcium 
bisulphite  Ca(iISOi)i.  This  process  decomposes  the  UgmR,  and 
converts  it  into  soluble  materials.  The  sulphite  liquor  is  then 
run  off,  and  the  pulpy  material  is  washed,  beaten  with  water  to 
reduw  il  to  minute  shreds,  and  bleached  with  very  dilute  clUoriU' 
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water.  The  pure  coUulose,  now  pspar-pulp,  is  auBpendcd  in 
water,  ^read  on  screens,  pressed,  and  dried.  During  the  prwcss, 
other  substances  are  added.  Thus,  siae  (gelatine  or  rosin  and 
alum,  sec  Sizing)  prevents  the  ink  from  running;  pulverized 
calcium  sulphate  (^'peum),  clay,  and  other  wbit«  solida  ("load- 
ing") give  body  to  the  paper  and  permit  the  production  of  a 
smooth  surface  by  rolling  ("calendering").  DyestufFs  can  be 
added  to  give  special  tints.     Filter  paper  is  pure  cellulose. 

Starch  (CJlio  Ot)„.  ^Starch  consiata  of  little  colorless  granules 
of  various  rounded  shapes  (Fig.  lUS),  wluch  are  easily  seen  under 
the  microscope.  These  granules  arc  massed  in  large  quantities 
in  the  cans  of  wheat  and  oat«,  in  the 
tubers  of  potatoes,  in  the  grains  of 
DUUM'  (corn),  and  in  ]>cas  and  beans. 
Even  in  the  liravcs  tliey  can  be  seen. 
StArch  is  reeogiiiKcd  by  the  iodine  test 
(p.  3).  tuniiDg  deep  blue  with  a  trticu 
of  free  kHline. 

The  treatment  of  wheat  flour,  which 
is  three-fourths  starch,  by  wuMhing  out  the  starch  through  a  porous 
cloth  with  water,  has  already  been  described  (p.  3).  It  is  made 
from  maiw  in  America  and  from  potatoes  in  Europe,  by  washing 
the  flour  on  sie^-eg. 

Btarcb  is  tiot  soluble  in  water.  If  boiled  with  water,  however, 
the  g^%nules  swell  and  break  and  the  Rtarch  is  diiTused  through 
the  water,  giving  a  clear  liciuid.  If  too  much  water  \a  not  used, 
the  liquid  when  cold  sets  as  a  jelly.  While  the  liquid  Js  hot,  much 
of  the  starch  will  pass  through  a  filter  along  with  the  water. 
Such  a  liquid  is  called  a  colloidal  nupenaioD.  Suspensions  like 
this  are  constantly  met  with  in  using  complex  organic  compounds 
like  jellies,  glues,  soaps,  and  dyes.  Even  Insoluble  inorganic 
materials,  like  gold,  give  such  suspensions  (sec  p.  416). 

The  colloidal  suspension  of  starch  turns  blue  when  a  solution 
containing  free  iodine  is  added  to  It.  It  is  UMd  in  the  laundry  for 
stidening  white  goods.    Glucose  is  manufactured  from  it. 
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Ctuco»e  f-^ftimOt,  a  Sugar,  from  Starch.  —  When  starch  is 
boiled  with  water,  lo  wldeh  a  few  drops  of  an  acid  (coutact  agcat), 
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Buch  as  hydrochloric  acid,  huvc  bcco  added,  the  liquid,  after 
ncutrulizatioiiof  thcacid|i8  fouud  toboHwt-ct.  One  of  the  sugars, 
glucoMO  CiHijOi,  caQ  be  obtained  in  cr>'stal8  after  fvaponition. 
The  crystals  furm  "bR-wers'  glucose"  and  the  ayrup  produced  by 
concentration  is  com  eynip  (if  maize  is  the  source  of  the  starch). 
The  latttT,  although  less  swwt  ihau  ordinary  sugar,  is  much  leS8 
expensive  and  is  used  iii  iTinking  presi-rves  and  cheap  candy. 

The  molecular  weight  uf  starch  is  unknown,  but  undoubtedly 
large.  The  formula  (Ci^HioOs),  shows  the  compoation.  The 
wfttiT,  ill  presence  of  a  little  acid,  decomposes  the  molecules  and 
combines  with  the  material.  First,  deictrin  (used  an  paste  or 
mueilag(0  i^t  formed  and  this  breaks  up  into  glucose.  The  action 
is  an  hydrolysis: 

Glucose  Ir  known  also  as  daxtroM  and  an  gnpo  lugix.  Tlie 
crystalline  granules  in  raisins  (dried  grapes)  are  coni|>osed  mainly 
of  it.  When  pure,  it  is  almost  colorless.  It  reduces  cupric 
hydroxide,  in  Fcliling's  aolution  (g.f.),  to  cuprous  oxide. 

(Xirn  syrup  contains  30-40  per  cent  of  uncbange<]  dextrin,  4<)-50 
per  cent  of  glucose,  and  the  rest  water. 


The  Sugars.  —  The  common  sugars  may  be  divided  into  the 
moDOBacchafld«B,  usually  with  the  formula  CgHuOg,  and  the 
dlsaccharidM,  usually  C)jH<:Ou.  Of  these,  the  following  wilt  bo 
referred  to  in  what  follows; 

Monosaccbarid«s :  OlucoM  (grape  sugar  or  dextrose)  CgHuOg, 
rructosfl  (fruit  sugar  or  levulose)  CeHaOii. 

DlsAcduridM:         Sucrose  (eane-«ugar,  bi-et-sugiu')  CuHbOu. 
ISsJtoaa  (action  of  malt  uu  stiu'ch)  CuHsOn. 
LftctoM  (milk  sugar,  in  animals  only)  CuHaOu. 

Sucrose,  or  Cans  Sugar.  —  Plants,  such  as  the  sugarH:«ne 
and  beet,  besides  forming  cellulose  and  starch,  produce  excep- 
tional amounts  of  suctom,  or  table  sugar.  The  sap  of  the  sugar 
maple  contimis  much  of  it. 

Cane  sugftr  is  extracted  by  crushing  the  stalks  between  rolleTS, 
and  evaporating  the  expreHsed  liquid  (IR  per  cent  sugar)  in  closed 
puns.     .^  partial  vacuum  i.^  maintained  so  that  the  solution  may 
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boil  at  a  low  temperature  (65°  to  begin  with)  and  none  of  the 
sugar  be  decompoaed.  When  the  synip  cooIr,  the  sucnxie  ap- 
pears in  brown-ftolored  crystals.  The  mother-liquor  is  called 
moluies.  In  the  refiner^',  the  suj^r  is  redissolved,  the  mlution  ia 
poured  through  a  column  of  eharnoal,  whieh  ta,k«t  out  the  coloring 
matter,  and  the  liquid  is  once  Ofore  allowed  to  deposit  crystala. 
Pure  cane^ugar  has  a  faint  yellow  tint,  and  a  small  amount  of 
ultramarine  {q.v.)  is  added  to  give  that  whiteness  which  is  pop- 
ularly connected  with  purity  in  sugar. 

Sugar  beets  (16  per  cent  or  more  sugar)  are  sliced  and  ateeiied 
in  water.  The  e-Xtract  contains  a  gummy  material  in  colloidal 
Buspenrion.  This  ia  coaguhited  and  precipitated  by  adding  slaked 
linio  (calcium  hydroxide)  Ca(OII)j  suspended  in  water,  and  boil- 
ing. After  separation  of  the  clear  liquid,  carbon  dioxide  is  passed 
through  it  to  precipitate  the  excess  of  lime  as  carbonate  (CaCOj). 
Tile  solution  is  then  decolorized  with  charcoal  and  evaporated  to 
crj'stullization. 

Ab  regards  properties,  sucrose  crystttUizes  in  four-Bidod  prisms 
(rock-candy,  Fig.  48,  p.  Hli)  and  melts  at  160°.  Whco  heated  to 
200-210°  it  pfirtiiilly  dccoinpost's,  leaving  a  soluble,  brown,  mixed 
materinl,  caramel,  used  iii  coloring  whisky  and  soups.  Sucrose 
does  not  rci^lucu  l<Vliliug's  solution. 

When  Ijoilod  with  water  cuntaiiung  a  trace  of  acid  (contact 
agent),  sucrose  is  hydroiyxed,  giving  a  mixture  of  the  two  mono* 
Baccbarides,  glucose  and  fructose: 

CuHbOu  -I-  HiO-*C«HuO.  +  CHuO^ 

The  mixture  is  called  iavwn  lUKar,  and  is  found  in  many  sweet 
fruits  and  in  honey.  Ench  .-^ugar  interferes  with  the  crystslliza 
tion  of  the  other,  by  lowering  the  freeing  point  (p.  134),  and  so' 
invert,  sugar  is  added  in  making  fondant  candy  and  candy  that 
is  t-o  be  pulled,  both  of  which  must  remain  soft  for  some  time. 
Icinf  for  cakes  has  to  some  ejctent  this  property,  and  is  made  by 
addins  acid  substances  to  sugar,  such  as  vinegar,  lemon  juice,  or 
cream  of  tartar. 

Enzymtrit.  —  Yeast,  eonsusting  of  microscopic  ct^s,  belongs  to 
a  low  or<ier  of  plants.  Its  use  lies  in  the  fact  that,  while  multi- 
plying, it  secretes  within  each  cell  two  very  active,  soluble  8ul>- 
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stances.  Tbeac  nic  sjmutM  aiid  tucrus  (invertase)  which  belong 
to  ft  clft)<8  of  OTfcuiic  Gulii^tancee  railed  tnxjmm.  SucraM-  nicuns 
an  enzyme  ttuit  BpUU  sugar.  Kiiz>in(s  produce  rcuuirkablc 
chemical  changes  by  their  mere  presence  (eontact  actions). 

Alcaiiolic  Fermentation.  —  Wlicn  wnte  yeast,  which  is  a 
mafw  of  the  livinj;  jitanti),  i»  ]u]di-<l  to  a  solution  of  glucose  at 
about  30^,  the  sni^l  amount  of  zymase  gradually  decomposes 
the  DUfcar.  Bubbles  of  carbon  dioxide  soon  begin 
to  rise,  and  may  W  tiwtwl  (p.  384)  with  linicwatcr 
(I'ig.  109).  At  the  sanw"  time,  alfohol  (ethyl  alco- 
hol CiH»OH)  accumulates  in  the  liquid: 


Fiol  lot. 


c  ji,^, — 3C0,  T + ac^smoH. 

Yeast  will  ferment  fnictosc  C«RuO«  with  the 
result,  but  more  nlowly,  so  that,  when  placed  IQ 
invert  sugar,  it  decomposes  the  glucose  first  and 
the  fructose  afterwards. 
Zymase  does  not  act  uptm  sucrose  (table  sugar),  but  sucrose 
hydrnlyxes  the  sucrose  in  the  same  way  as  does  a  dilute  ncid,  giv< 
ing  invert  sugar.  The  latter  is  then  deconipos»e<l  by  the  zymase, 
and  so  cane-sugar  in  eolution  ia  fermented  by  yeast  into  alcobid 
and  carbon  dioxide,  just  as  is  glucose,  only  more  slowly. 

In  making  wlno  the  glucose  contained  in  the  grape  juice  is  fer- 
mented by  a  Bpecicfi  of  yeast  found  on  the  skins  of  the  grapes. 

Commsrclal  Alcohol  is  not  made  from  sugar,  but  from  the  starch 
of  potatoes  or  nmize.  When  barley  Is  allowed  to  sprout,  an 
enjyme,  smjUis  (inenning  stivrch-Bplitting  enzj-me)  or  diastase, 
is  formed  in  the  varx.  The  whole  m»1tTi:il  is  dried,  and  is  then 
called  malt.  WTicn  this  is  mi.\od  with  xtarcb  and  water,  the 
amylase  hydrolyzes  the  Ktarch  to  maltose  CuBrOu  (p.  404). 
The  latter  in  then  further  In^b-olvKed  by  yeft»t  to  form  glucose 
C«HiiOb,  iind  th)8  is  decompoi>e(I  by  the  zyniiuw  into  alcohol  and 
carbon  dioxi<lc. 

Whlikr  (al>out  JiO  per  cent  alcohol)  is  made  by  treating  the 
starch  of  rye,  maize  or  barley  in  the  same  way,  with  sulMi-quoul 
di^itlation  (e>ee  Iwlow)  to  separate  the  alcohol  (whisky).  Bear  is 
ma<le  i<imitarly  from  various  kinds  of  grain,  especially  barley,  but 
the  fermented  liquor  U  not  distilled. 
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Ethyl  Alctthttl  V^HtfiH.  —  Common  alcotiol  \s  rdahKl  tu 
cthaoe  C3ll«,  ha^'in];  an  hydmxyl  i^ou])  in  place  of  od«  unit  of 
hydrogen.     Hence  itR  name,  ethyl  alcohol. 

Ethyl  alcohol  boiln  at  78.3°  arul  so,  when  the  fermented  liquor 
is  distilled,  it  is  almost  pure  alcohol  that  comes  off.  Commercial 
alcohol  contaiiiH  9.^  [»er  cent  by  volume  (in  (ireat  Britain,  90  per 
cvnt}.  Absolute  alcohol  ia  made  by  adding  quicklime,  which 
combines  with  the  water,  and  rediatillinK  the  liquid. 

vVli'ohol  mixes  with  water  in  all  proportions.  In  dilute,  aqueous 
ttulutioo  it  is  not  ionized,  and  does  not  interact  with  acids,  bases, 
or  sultd.  It  is,  however,  easily  oxidised  to  acetic  add.  Wben 
wjiU;r  is  absent,  it  interacts  with  acids  slowly  (see  p.  413), 

AU-ohol  is  ust'd  a«  a  solvent  for  the  resins  employed  in  maldn|; 
vnniishea  for  wood  and  laccjuera  for  metal. 

On  account  of  the  high  duty  on  95  per  cent  alcohol  ($2.11  per 
pdlou  in  the  U.  S,  antl  24/'6  in  Gt.  Britain),  denatured  alcobol 
(methylated  spirit),  which  is  free  of  duty,  is  cmpluyed  for  indus- 
trial purposes.  Th«  alcohol  (coot  about  22  cents  per  gal.  in  the 
V-  S.  and  1/6  in  Britain)  is  mixed  with  offensive  or  poisonoua 
materials,  which  prevent  its  consuuiption  as  u  Ijevcrugc,  nHthout 
int<-rforing  with  other  uses.  Wood  spirit  and  gusoliui;  are  often 
employed. 

Acetic  Acid  HCOaCUa-  —  This  '\n  the  sour  su1>stance  in  vinegar, 
and  has  many  indurtrial  applications.  \'iiiegar  is  made  by  oxi- 
<lizing  al(X)liul  with  atmospheric  oxygen,  using  an  enzj-me  se- 
cnHed  by  haclerium  atxti  (mother  of  vinegar)  as  contact  agt^ut. 
Dilute  alcohol  from  any  source,  such  as  fermentts^l  apple  juice 
(hard  cider),  is  allowed  to  trickle  over  shavinRs  in  a  barrel.  Holes 
admit  air,  and  tlie  shavings  are  inoculated  in  advance  by  wetting 
with  vinegar: 

HocH.  +  o,  -*  Hcacm  +  h,o. 

The  issuing  liquid  contains  d-IIi  per  cent  of  acetic  a«id,  which  can 
be  purified  by  fractional  distillation  to  separate  the  water.  It 
boils  at  118'  and  freezes  at  16.7".  Although  four  atoms  of  hydro- 
gen arc  containe<]  in  its  molecule,  but  one  of  those  is  replaccMible 
by  metals.  This  fact  is  recognized  iu  the  reaction  formula  (p. 
95)  of  the  acid,  IlCtlliOj,  or  HCOjCH*.  It  is  a  weak,  monobasic 
acid:  HCOiCHij=tH*  +  CO,CHi'. 
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titf»tructiv€i  Di»tillation  of  Wood.     Charcoal,  —  Dry  WC 

is  dbtlilled  ui  iroo  retorts,  and  the  vapore  coming  off  are  led  throi: 
a  coiideiii^er  to  scpATAtv  thv  liquidii  from  thi-  gascx.  The  celliiloae,! 
lignin,  luid  resinous  material  iuv  dcramposed,  and  only  charcoalj 
remiiin!!.  Tlie  gft.*»,  consisting  mainly  of  hydrogen,  met 
CH*,  ethane  CiHi,  ethylene  CjHi,  and  carbon  monoxide  CO, 
employed,  on  account  of  their  combustibility,  as  fuel  in  tho  dis- 
tillation itself.  The  fluidfl  form  a  complex  mixture  containing 
large  quantities  of  water,  methyl  alcohol  CHjOH  (wood  spirit), 
acetic  acid,  acetone  (CHj)5C0,  and  tar.  The  liquids  can  be 
separated.  Tlie  methyl  alcoliul  (wood  spirit)  is  used  in  varnish 
making.     The  acetone  has  several  uin«  (e-j?-,  p.  391). 

Wood  durcoftl  exhibitjt  the  cellular  structure  of  the  material 
from  whiL'h  it  \\a»  made,  and  i%  therefore  highly  porous  and  has 
&])  enormous  internal  suTface.  When  the  cliarcoal  is  burned,  the 
mineral  coiistituenttt  of  tlie  wood  appcnr  in  the  a^h.  This  is 
composi'd  of  the  carbonates  of  the  metallic  elements  present. 
For  wtrtain  purpoww,  charcoals,  made  in  the  same  fashion  as 
the  ulK)ve  from  bon&s  and  from  blood,  find  wide  application. 
The  former,  called  bona  black,  contains  much  calciimi  phosphate 
(p.  362).  In  the  old  method  of  making  charcoal,  which  is  stilly 
practised,  the  wood  was  jiiled  up,  covered  with  turf,  and  set  onV 
fire.  AU  the  valuable  volatile  products  were  lost,  as  well  as  part 
of  the  charcoal  itself.  ,^m 


Propertien  of  Charcoal.  —  Charcoal  exhibits  certain  proper- 
ties which  are  not  shared  by  other  forms  of  carbon.  For  example, 
it  can  take  up  large  quantities  of  many  gases.  Boxwood  charcoal 
will  in  this  way  absorb  ninety  times  its  own  volume  of  ammonia, 
fifty-five  volumes  of  hydrogen  sulphide  or  nine  volumes  of  oxygen. 
Freshly  made  dogwood  chiireoal  (used  in  making  the  best  gun- 
powder), when  pulverized  luimedifitely  after  its  preparation, 
often  catches  fire  spontaneously  on  account  of  the  heat  liberated 
by  the  condensation  of  oxygen.  It  is  therefore  set  aside  for  two 
weeks,  to  permit  the  slow  absorption  of  moisture  tmd  air.  Tho 
absorbed  gases  may  be  removed  unchanged  by  heating  the  char- 
coal in  a  vacuum.  The  phenomenon,  <Ieitcril)e(l  us  adsorptioo,  is 
caused  by  the  tufliesion  of  the  gases  to  the  very  oJttensive  [turfiice 
(due  to  porosity)  which  the  charcoal  possesses.     Class  and  all  other 
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solidij  show  the  snme  properly,  though  ui  n  smaller  degree  (p.  88). 
Solid  and  liquid  bodies  Ar«  abo  iii  many  cases  taken  up  by  charcoal 
in  a  similar  (aithion.  Thus,  organic  dyea,<«uch  as  iodigo,  litmus, 
and  coduneal,  tind  naturul  coloring  matters  (sec  sugnr  reiining, 
p.  405),  which  arc  all  more  or  h^s  colloidal  in  ualure,  are  removed 
when  thi!  liquid  is  ehakcu  with,  or  poure<l  through  pulverized 
ehnrcoid.  The  organic  materials  dissolved  in  drinking  water 
also  undergo  adsorption  in  olmrooal,  but  the  charcoal  soon  be- 
comes inactive.  Charcoal  is  likewise  used  in  reducing  ores,  and 
aa  a  smokeless  fuel. 


Coat.  —  When  vegetable  matter  decomposes,  mlhout  keaHng, 
and  while  covered  with  sand  or  day  so  that  air  is  excluded,  water 
and  hydrocarbons  are  liberated,  and  the  productn  are  peat,  bitumi- 
nous coal,  or  anthrafit«. 

We  are  concerned  mainly  with  the  products  obtained  by  dis- 
tilling coal,  to  get  coal  gas  and  coke,  and  with  ite  use  as  fuel.  To 
determine  its  suitability  for  various  purjMees,  the  coal  is  analysed, 
and  it-if  heating  power  is  measured. 

In  eoal  analj>ia,  the  air-dried  material  is  used.  The  water  is 
determined  by  heating  1  g.  at  105°  for  1  hour.  Much  water  lowers 
the  fuel  value,  because  heat  Is  wasted  in  vaporizing  it,  and  in  de- 
compoeing  it  (cf.  p.  386).  Mter  rewcighing  the  sample,  the  coal  ia 
heated  with  the  Bunsen  flame  in  a  covered  crucible  to  drive  off 
the  voUUiU  mtUter.  ,Vfter  weighing  again,  air  is  admitted,  and 
strong  heat  is  applied  to  burn  up  the  fixed  carbon  (coke).  The 
residue  is  the  ash.  In  the  following  tabic  the  proportions  arc  com- 
pared with  sviUKinvd  wood  on  the  one  hiud^  and  with  charcoal  and 
coke  on  the  other. 

The  calorific  power  of  a  coni  determines  largely  it«  value  for 
heating.  A  i»ampl6  (about  1  g.)  is  burned  in  a  bomb  calorimeter 
(p.  174).  Hic  rise  in  temperature  of  a  known  weight  of  sur- 
rounding watVT  gives  the  number  of  calorics.  The  coal  ia  set  on 
Grc  by  a  wire  heated  electrically.  En^neers  use  the  number  of 
British  Thermal  Units  (1  B.T.U.  =  heat  required  to  raise  1  lb. 
of  water  1°  F.)  developed  by  1  pound  of  coal.  The  number  of 
B.T.U.  »  1.8  X  number  of  calories  per  gram  of  coal.  Bitumi- 
nous coals  give  much,  and  w'id<rly  varying  amounts  of  volatile 
matter,  wbilo  autbracitc  gives  very  Utile.     The  ash  is  the  mineral 
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matter  of  tlw  origuuil  plants,  witli  rock  material  in  many  s| 
mens.     For  coal  giia,  and  even  for  coke,  n  coal  high  in  volati 
matter  ts  chosen.     For  water  giis  Cp-  386)  anthracite  or  coke 
employed. 

IJF  the  heat  of  conibustioD  of  a  coal  i»  known,  the  amoimt  of 
xteam  it  .'<lioulil  furnish  cjin  ]k  calculated.  It  takes  100  eal.  to 
nuBC  1  g.  of  wateT  from  0"  C.  to  100°  C.  and  MO  caj.  more  lo 
convert  it  into  steam.  If  the  quantity  of  steam  is  too  Email,  the 
furnace,  draft,  or  firinR  ia  tlefective.  Too  much  draft,  for  ex-, 
ample,  merely  adds  additional,  useless  air  to  be  heated.  If  tl 
flue  Bfts,  when  analyzed,  contains  only  3  per  cent  of  carbon  dioxidi 
instead  of  the  normal  12  pi-r  cent,  then  for  every  ton  of 


burned,  52  tons  of  onneoeesary  air  were  raised  to  the  temperature 
of  the  furnace.  TestB  of  this  kind  can  control  the  efficiency  of 
every  device  in  a  modem  factory,  and  they  ought  to  be  in  uni< 
versal  use. 

Coat  Can. —  The  gas  plant  (Fig.  110)  includes:    (l)  The: 
brick  retorts  in  which  the  coal  u  heated  to  1300",  (2)  the  hydrau 
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miiiD,  u  wide  irou  pipe  al>ove  them  in  which  the  tar  coUccU, 

(3)  the  coudenser  and  wa^h  box  for  cooling  and  oondenfiing  oils, 

(4)  the  scrubbers  wh^re  the  aniiuoiiiii  is  tftkea  out  by  wat#r, 

(5)  the  purifier  where  hydrogen  sulphide  is  absorbed  by  hydrated 
ferric  oxide  and  (6)  the  holder  where  the  gas  oollectii. 

One  short  ton  (2000  Iba.)  of  the  bituminous  coal  in  tlie  above 
table  gave:  (3a8  10,500  cu.  ft,  with  13  candle  power,  coke  1325  lbs., 
ammonia  5  lbs.  (  =  20  lbs.  (Nti4)3KOt  worth  $(S0  per  ton),  and  tar 
12  Kallons.  The  components  of  the  gas  were:  Ultiminants  3.8, 
heating  gases  90.2,  impurities  6.0.  Calorific  power  of  gas  610 
B.T.U.  per  ru.  ft.;  sp.  gr.  (air  =  I)  0.43. 

The  tar  is  frequently  distitlixl  fractionally  and  yidds:  Benxenc 
(^»,  from  which  aniline  and  many  dyes  and  dnigs  are  prepared; 
naphthalejie  ('lollj,  sold  as  moth-balls,  and  the  Rlarting  point  for 
sjnthetic  indigo;  anthracene  Ci<Ilia,  from  which  valuable  dj-es 
such  as  alizarin  and  indaathrenc  are  made;  phenol  or  carbolic 
acid  (p.  349),  and  other  useful  substances.  A  rougher  separation 
yields  tar  and  pitch,  for  road-making,  prcser\'ing  timber,  and 
waterproofing  roofs, 

Coke,  —  The  beehivo  coke  oven  is  a  brick  structure  shaped  like 
a  beehive,  with  an  additional  opening  at  the  top.  The  coal  which 
(ills  it  burns  with  a  limited  supply  of  air.  .rVll  the  vapors  and  gas 
burn  at  the  upper  opening,  and  the  ammonia  and  tar  and  com- 
bustible gas  are  therefore  wailed  (i^.  p.  340). 

The  bj-product  oolu  oran  \a  a  good  deal  like  a  gas  pUint.  The 
chief  difference  is  that  tlie  heating  is  arranged  so  as  to  decompose 
as  much  of  the  voUtile  matter  as  possible,  and  cause  it  to  leave  its 
carbon  in  the  retort.  I'he  gas  is  therefore  poor  in  illuminant«,  but 
cxct^ent  as  fuel.  The  ammonia  and  tar  are  diminished  in  amount, 
but  still  valuable  products.  The  jield  of  coke  is  about  73  per 
cent  of  the  original  coal,  against  66  per  cent  from  the  beehive 
oven. 

Burning  coke  gives  a  higher  temperature  than  doM  co&l,  be- 
cause no  heat  is  used  in  vaporizing  moisture  and  volatile  malt4T. 
For  the  same  reason,  it  burns  without  flame.  Because  of  tbvee 
and  other  properties,  it  is  employed  in  immense  quantities  in  re- 
ducing ores  of  iron  in  the  blast  furnace,  as  well  as  for  many  other 
purposes. 
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CHAPTER  XXXI 

OBOANIC  ACIDS  AND  SALTS.    ALCOHOLS,  ESTERS.     FOODS 

Thus  far,  one  acid,  acetic  acid,  and  two  alcohols,  methyl  and 
ethyl  alcohol,  have  been  mentioned.  But  there  arc  whole  series 
of  organi<;  acicht,  corrcapqnding  to  the  scriu;  of  hydrocarbons. 

Organic  AciiU  anti  Their  Salts.  —  The  general  formula  of  th« 
saturated  series  of  monobuic  adds  xs  H(CO]CKHtM.i).     Tbus: 


Fomuc  ftrid   (n  =  0),  H(CO,H).         Pnlmitir  nciil  {n 
Aiwtio  arid     (n  "  1),  H(CO,CH,).     Stearic  scid     (n  ^ 
Butvric  Rcid  (n  ->  2),  U(CO)0|Ht). 


15).  H(CO,C,JT.), 
17),  HCCO,C„H,J. 


Formic  {I^t.,  an  an()  acid  is  secreted  by  red  ants,  and  is  found 
in  stinging  nettles.  Formic  (b.-p.  100.1°),  acetic,  luid  butyric 
acids  are  liquids.  Paliiiittc  and  stearic  acids  are  solids,  and  are 
mixed  with  psirafHn  in  making  candles. 

Acids  containing  relatively  less  hydrogen  arc  unsnturatctl.  Thus, 
oleic  acid  (n  =  17)  is  H(C0,C,7Hm). 

The  acids  with  large  molecular  wdght  are  insoluble  in  water. 
All  the  acids,  however,  relict  with  aoclium  hydroxide  solution, 
giving  soluble  salts.     ThuR,  palmitic  acid  gives  sodium  palmitate: 

NbOH  +  H(CO,C«Hw)  ^  H,0  +  Na{COsC,»H,J. 

Other  salts  are  sodium  formate  (p.  385)  NaCCOiH),  sodium  acetate 
Na(COiCHj),  sodium  stearnte  Na(COaCirHi»),  sodium  oleate 
Na(C0)CijH3a).  Common  soap  is  a  mixture  of  the  last  two  saltn 
with  sodium  palmitate. 

Later,  in  discussing  fats  and  soap,  it  will  be  convenient  to  abbre- 
viate the  formulx.  A  monobtisic  acid  will  be  indicated  by  the 
formula  HCO,R  and  ft  fialt  by  N«CO,R  or  Ca(COi,R)),  where  R 
stands  for  a  hydrocarbon  radical  or  group  of  atoms,  such  as 
CHiM-i'  In  organic  chemistry  a  radical  is  not  always  able  to 
form  an  ion.     Here  the  ion  is  COjR". 
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There  are  also  dibasic  aclda.  Oxalic  add  (p.  385)  HiCtOt  is  the 
dimpleat  ot  these.  It  may  be  raudc  by  tho  oxidation  of  sugar  with 
nitric  acid.  Th«  white  cryatule  u»od  in  the  laborutory  art  the 
hydrate  H,f;i04,2H,0. 

AtcohoU.  —  Methyl  alcohol  CH,OH  (p.  408)  and  ethyl  alco- 
hol CiH»OH  (p.  406)  are  the  first  two  members  of  the  scries 
C,ni,4i0n.  There  are  also  many  alcohols  with  rnori^  than  one 
OH  group  ill  each  molecule.  Of  these,  the  one  wc  shall  preMUtlj- 
encounter  is  firctlin*  CiHt(On)).  The  sugars  arc  alcohola  with 
eoverol  hydroxyl  radicals. 

Eaters.  —  VS^en  an  acid  and  an  alcohol  are  mixed,  an  ««t«r 
and  water  arc  formed.  The  action  is  slow  and,  being  reversible, 
is  always  incomplete.  But,  by  introduction  of  a  dehydrating 
agent,  like  roncrntratod  sulphuric  acid,  the  water  im  removed  and 
the  change  brought  to  coiupletion.  Tliu.t,  ethyl  nh'ohol  and  accUc 
acid,  when  warmed  with  sulphuric  acid,  give  atlirl  acotat«: 

C^HtOU  +  HC;0,CH,3=iCsH.C;0»CH,  +  H,0. 

This  action  baa  the  appearance  of  a  neutralization  (p.  256),  but  ia 
different  in  several  ways.  Alcohol  is  not  a  baac,  and  in  aqueous 
solution  it  does  not  conduct  electricity.  Then,  true  neutraUzation 
takes  place  imftanliy,  while  the  foregoing  action,  and  all  like  it, 
proceed  very  slowly.  Thus,  although  acetic  acid  is  a  true  acid, 
it  is  not  here  interacting  with  a  Imse. 

With  the  a8«stancc  of  a  dehydrating  agent,  umilor  actions  take 
place  between  any  alcohol  aTid  any  acid  (organic  or  inorganic). 
The  action  of  cellulo»e  or  of  glycerine  with  nitric  acid  (p.  350)  is 
Ruch  an  interaction.     Again,  for  example: 

Cai>(On),  +  SHtCOjCH.)  =sCH»{CO,CH,),  +  3H,0, 
glyoerine  uoelio  add  glyoctyl  acetate 

CH.(OH),  +  3H(rO,C„H«)  *=tC.H.{CO,C,;Hu),  +  3H»0. 
gljroMini!  atmrio  add  glyceryl  sU'^raip 

The  glyceryl  radical  CiHj'"  ia  trivalent,  and  takes  the  place  of 
three  atoms  of  hydrogen.  The  pro<hicta  are  named  as  if  they 
were  salts,  but  they  are  not  ionized  in  solution  and  do  not  react 
with  adds,  baaes,  salts,  by  instantaneous  double  decomposition, 
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as  do  true  salts.  To  distinguish  them  frgm  salts,  they  are  called 
oBtera— R'{CO,R). 

Fat«  and  Animat  and  Vegetable  Oil*.  —  The  fats  and  oils 
found  in  aniraa!  tissue,  or  pressed  from  seeds  of  plants,  are  com- 
posed mainly  of  esters.  Beef  fat  is  a  mixture  of  about  three- 
fourths  Rlyc^ryl  palraitate  (palmitm)  C4Ii(C0iCij,Hii)j  and 
glyceryl  atearate  (stearin)  CiHi(('0,f'irHii)»,  alnng  nitli  one- 
fourth  glyceryl  oleate  (olein)  CiHtCCOjL'uHjj),.  Lard  (hug  fat) 
CODtaina  a  much  larger  proportion  of  the  last  ((K)  per  ecnt)  and  is 
therefore  softer.  Butt«r  contsuns  the  same  esters,  alonR  with  some 
water  and  somt-  glyceryl  butyrate  (butyrin)  ('^Hi(( '{);(. 'iHOi- 
01iv«  oU  contains  much  ok-in  (76  per  rent).  Cottonseed  oQ  is 
similar  in  composition,  and  is  Uf<cd  as  a  subetitute  for  olive  oil,  or 
for  butter  in  cooking, 

All  these  fats  and  oils  contain  a  certain  proportion  of  the  ftfe 
organic  acids  (see  p.  420).  These  oils  must  not  be  confused  with 
mineral  oils,  which  are  mixtures  of  hydrocarbons. 

As  rc^rds  physical  properties,  Ihcse  oils  !tre  till  insoluble  in  water, 
and  the  heavii-i-  one-*  al-to  in  ciihl  ak-oliol.  They  diiwolvc  readily, 
however,  in  ether,  benzene,  carlK)n  (ii.-<ulphide,  and  carbon  tetra- 
chloride. Hence,  benzene  is  utte<l  in  dry  eleauing  clothing  made 
of  silk  or  wool.  The  two  last  solvents  are  used  in  extracting  vege- 
table oils. 

Chemical  Properties  oj  FaUt  and  Oih. —  AH  fats  and  oil*, 
when  boiled  with  wat#r,  and  more  rapidly  when  heated  (200°) 
with  water  in  a  closed  vessel,  are  deeompoged.  The  ester  is 
hydrolyzed,  and  the  actions  in  the  three  equations  last  ^ven 
(p.  413)  are  reversed.     Thus,  with  stearin: 

C^,(COsC„H,»).  +  3HjO  -  CH»(OH),  +  3HC(V:„H«, 
stearin  glycerine  stearic  acid 

and  when  the  mixture  is  cooled,  the  acid,  being  insoluble  in  water, 
forms  a  sohd  cake  while  the  glycerine  is  in  solution  in  the  water. 
If  a  mixture  like  beef  fat  is  heated  with  water  in  this  way,  a  mix- 
ture of  pahnitic,  stearic,  and  oleic  acids  is  obtained.  The  olac 
acid  Giqui<l)  is  pressed  out,  and  the  residue  is  mixed  with  paraflin 
to  make  candles.    The  glycerine  la  separated  from  the  water  asd 
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used  in  making  nitroglyccrmc  (glyceryl  uitmtc,  an  ester)  and  iu 
mi'dicino. 

W)k-ii  llio  flit  18  IioHtod  with  aqueous  sodium  hydroxido.  (lie 
!4ulul>k-  mhUuiii  MiItM  of  tin:  JicicLs  arc  fonmod.  Since  these  snlt^  are 
known  us  8onps,  tliie  action  of  a  base  on  au  ester  is  called  upottl- 
Ocation: 

C»H»{CX)i(:„Hw)»  +  3NaOH  —  CHi{OH),  +  3Na(C0,C,THM). 
stearin  Itlyccrino  sodium  st^raM 

(»Hoap) 

When  common  salt  is  added  to  the  solution  ("saltinK  out"), -the 
sodium  saltK  of  the  three  acids  (the  soap)  are  coagulated  ami 
eeparaK"!!  as  a  floating  laypr,  whiph  solidifies  when  cold.  The 
glycerine  is  contained  in  the  salt  sniution. 

With  potasaium  hydroxide,  the  potaaaium  aalta  are  obtained, 
and  constitute  soft  soap. 

The  soaps  are  jiurihed  by  rediasolvinf;  and  again  saltinf;  out. 
Dyes  and  perfumes  are  often  added.  1-loatinK  varieties  are  made 
by  beating  the  soap  before  it  solidifies,  and  so  introducing  bubbles 
of  air.  Fine  sand  or  pumice  is  added  to  make  scouring  soaps. 
Mixing  with  ^ycerine  or  sugar  gives  transparent  soap. 

CItemical  Properlien  of  Soapa,  —  ^nce  the  soaps  are  soluble 
salts  of  sodium,  tht-y  arc  largely  ionised  in  Holution  and  interact 
with  a«idt<  by  double  decomposition: 

Na{COsf  :„Hn)  +  HCI  -» NaCi  +  H(CO,C,:Hm)  i . 

The  acida,  being  insoluble,  arc  precipitat«d.  They  also  enter  into 
double  decomposition  with  other  salts.  Thus,  hard  water,  con- 
taining compounds  of  calcium  and  mnKne.^ium  in  solution,  |^ve 
precipitates  of  the  corresponding  salti*.    For  example: 

2Na(C0AjH»)  +  CftSO*  -» Na^4  +  Ca(CO,C„HM},i . 

Thufl,  with  hard  water,  much  soap  is  wasted  in  precipitating  the 
"  hardness." 


CoUoiilat  Sunp&iaion.  —  To  explain  the  cleansing  power  of 
soap,  it  is  nccpssary  to  learn  more  about  colloids,  for  soap  in  solu- 
tion is  essentially  colloidal. 
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The  amplest  colloidal  suspensions  are  those  of  metals  like  gold 
and  platinum.  They  can  be  made  by  forming  an  ck-ctric  arc 
bctww.li  thf  points  of  two  wirt-s,  while  the  points  arc  immer«'d  in 
water,  Liquiiis  of  various  colors,  depending  on  the  dcgrw  of 
diipvraloD  (fineness  of  the  particles}  of  the  metal,  arc  thus  formed. 
Su(:h  n  liiiuid  (1)  leaves  no  deposit  on  filter  paper,  (2)  shows  no 
elevation  in  the  boiling-point  of  the  solvent  and  (3)  no  depression 
in  the  fre«;7.ing-[ioint.  (4)  The  suspendetl  body  has  little  or  no 
tendency  to  <li!Tu»i^  into  a  layer  of  the  pure  solvent.  In  conse- 
quence, if  the  colluidiii  solutiuri  is  placed  in  a  difTusiou-Ahell,  which 
is  h  test-tube  shajwd  tnlx;  of  filter-paper  or  imrchiiient,  immersed 
in  water,  none  of  the  colloid  cst^iiixw  tlirougli  the  pores  of  the  shell. 
Ordinary  solutes  escape  more  or  less  quickly,  accorrling  to  their 
molecular  weight.  Hence,  a  diffusion  sliell  can  l>c  used  to  separate 
a  mixture  of  colloidal  and  non-eolloidal  material.  Tlius,  salt,  if 
pre-tent  with  colloidal  starch,  or  sugar  if  present  with  rollnidal 
gold,  can  be  removed  by  changing  the  water  round  the  shell  until 
no  more  salt  (or  sugar)  is  foimd  to  come  out.  I'his  process  is 
called  dlalfsU,  and  was  devised  by  firaham. 

(5)  The  most  striking  property  of  colloids  is  shown  by  the 
ultrunicroscope.  In  a  perfectly  darkened  room,  a  converging 
beam  of  strong  light  is  sent  horizontally 
through  the  liquid  (Fig,  111)  and  the  pUice 
where  the  light  is  focussed  is  viewed  from 
ftbo\'e,  through  a  microscope.  Under  such 
circumstances,  a  true  solution  remains  per- 
fectly dark,  hut  a  colloidal  suspen.sion  shows 
minute  iwints  of  light,  first  studied  by  'IV"" 
dall.  Colloidal  gold,  solutions  of  .soap,  starch, 
gelatine  and  dyes,  and  many  other  liquids 
exhibit  the  phenomenon.  The  points  of  light,  due  to  part-icles 
which,  although  minute,  contain  many  molecules,  show  also  a 
trembling  or  vibrating  movement,  first  noticed  by  a  botanist 
Brown  (1827)  and  called  the  Browni&n  Movranect.  The  motion 
is  due  to  colHsions  of  the  moving  molecules  of  the  solvent 
with  the  suspended  particles  of  the  colloid  and,  when  the  sus- 
pension is  very  fine  (highly  "disperse"),  the  particles  shoot 
about  rapidly. 

Other  properties  of  colloidal  suspensions  are  discussed  below. 
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Theory    of    Cttlloidal    Suspension    and    Coagulation. — 

When  wires  from  a  batU'rj-  urc  immersed  in  the  liquid,  the  par- 
ticles of  11  colloid  lire  found  to  move  slowly  either  with  or  ligninst 
the  positive  current.  The  plienomenon  i»  cnlled  •laetropbomU. 
Apparently,  the  eotloidiii  ptirticles  iin-  aggregiites  of  molecule*  of 
an  insoluble  MuWtiiiice,  collected  round  an  ion.  The  pnrtioles, 
although  relatively  large  in  proportion  to  the  charge,  move 
ahiiorit  tut  rapidly  m*  in  ionic  migration  (p.  231).  Thi.s  affords  an 
explanation  of  the  fact  th«t  the  pftrti«le»  remain  suspended,  and 
do  not  eettle.  They  arc  iiidiviilually  so  8mall  that  they  are  kept 
in  motion  by  colliiuons  witJi  the  molecules  of  the  solvent.  If  they 
could  unite  into  large  aggregate's  —  like  the  particles  of  a  precipi- 
tate—  they  would  separatee  like  any  ordinary,  insoluble  substance. 
But,  having  like  electrienl  charges,  they  repel  one  another,  and  bo 
remain  separate  and  in  suspension. 

Now  tliosc  folloida  which  have  distinet  electrical  charges  ran 
lie  coaculaMd  or  llocciilat.ed,  and  so  precipitated  in  the  liquid,  by 
adding  a  solution  of  an  ionized  substance.  Thus,  colloidal  gold 
an<j  other  metals  are  negative,  and  an  equivalent  amount  of  a 
positive  ion,  usually  11*",  is  present  also.  When  a  salt  is  added, 
the  positive  ion  of  the  salt  attaches  itself  to  the  negative  colloid^ 
metallic  particles,  neutral  bodies  result,  coagulation  can  now  occur, 
and  precipitation  follows.  Bivalent  ions  are  more  effective  than 
univalent  ones  (see  arsenic  triaulphide).  ('onversely,  a  poativc 
colloid,  like  ferric  hydroxide,  is  coagulated  by  the  negative  ion  of 
the  iMilt,  and  more  easily  the  higher  the  valence  of  the  negative  ion. 
Furthermore,  one  colloid  will  coagulate  another  of  op[>osite  charge. 
Tlius,  me  til  phosphoric  acid  is  a  negative  eollotd  when  in  solution, 
while  ortho-  tmd  pyrophoHphorie  acid  arc  not  colloidal.  Albumin 
is  usually  a  pov:itive  colloid.  Hence  (p.  372),  mctuphosphorie  atrid 
and  albumin  euugulate  and  prccipitJitc  one  another,  while  the  other 
two  aeitl^  have  no  action  on  albumin. 

Btarvh  and  gt^hitiuv  are  neutral  colloids,  aod  aru  not  easily 
coagulated. 

Soap  Solution  Coltwdal,  Salting  Out.  —  Soap  solution,  un- 
der the  ultramieroseope,  U  ui^en  to  contain  euspt^nded  particles. 
A  t«»t  with  litmus  also  shows  that  the  soap  is  partly  hydrolysed: 

N»(CO,R)  +  n,0?=2H(C0,R)  +  NaOH. 
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B(!ing  a  sail  of  u  littlo  iooizi^d  ticid,  the  negative  ion  of  the  soap 
tt^rids  to  combine  with  thr  H+  of  the  water:  H+  +  (CO,R)"  e± 
H(CO)R),  leaving  the  ioiix  uf  sodiuni  hj-druxide.  Now  the  atid 
thus  set  free  uomhiut^  with  the  unUiDSodatcd  dioIm-uIcs  of  the  salt 
to  form  ail  add  wilt  NtiH(COiR)t.  This  acid  salt  is  insoluble,  but 
reiiiaiii»  iri  colloidal  sii8|>eiisiou  ae  a  negative  colloid.  When  a 
strong  solution  of  coniniou  salt  (or  even  excess  of  sodium  hydrox- 
ide) is  added,  the  positive  ion  Na*  is  adsorbed  by  the  negative 
eulloid  (the  acid  salt)  and  the  latter  is  eoagulated.  In  coming  out 
an  a  precipitate,  it  seems  to  adsorb  most  c^  the  sodium  hydroxide, 
so  that  the  precipitate  has  the  composition  of  soap. 

The  Ctfanxing  Power  a^  Soap.     Emulsions.  —  As  a  cleanser, 

soap  solution  —  or  suspension,  as  we  should  now  call  it  —  has  two 
properties.  It  removes  oil  and  grease  (insoluble  liquids)  fay 
fonniiig  an  emvlaon  with  them.  It  also  removes  minute  soHd 
piii'tii'les  of  dirt,  by  taking  the  dirt  into  »u«permon  (next  section). 

When  an  oil,  such  as  kerosene,  is  ^-iolently  shaken  with  water, 
both  liquids  are  broken  into  minute  droplets,  and  an  opaque  mix- 
ture results.  The  droplets  of  each  liquid,  however,  quickly  join 
toRPthflr  and  soon  the  mass  clears  up  and  shows  the  two  liquids  in 
separate  layers.  It,  however,  a  colloidal  suspension  is  used, 
instead  of  pure  water,  the  droplets  unite  much  more  slowly,  if  at 
all,  and  a  more  or  less  permanent,  opaque,  rather  viscous  mass 
results.  Huch  a  mixture  of  two  mutually  insoluble  Uquids  is  called 
an  emulsion.  Thus,  a  few  drops  of  soap  solution  will  cause  the 
kerosene  and  water  to  remain  iimch  longer  in  the  condition  of  an 
emulsion.  Similarly,  vinegar  nnd  ohve  oil,  when  vigorously 
beaten  (French  dressing)  separate  rather  quickly  into  two  layers. 
But  if  the  yolk  of  an  egg  (colloidal)  is  added  to  the  vinegar,  a  stiff, 
almost  solid  mass  can  be  made  (Mayonnaise  dressing)  which  will 
remain  permanently  emulsified.  In  removing  grease,  therefore, 
ruhbing  with  soap  solution  turns  the  grease  into  «uspcu<led  drop- 
lets (emulsifies  it),  and  so  the  greaw  can  be  washed  away. 

This  behavior  of  »  eolloid  can  be  ezplalssd.  When  the  kerosene 
and  water  arc  divided  into  droplets,  with  a  great  increa.se  in  the 
total  surface,  and  in  the  surface  euerg>'  of  both,  the  surface  tension 
of  water,  which  is  great,  favors  the  reunion  of  the  drops,  with 
diminishing  surface,  and  tUssipation  of  the  surface  energy.    Now, 
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while  ordinary,  dilute  Botutions  have  a  surface  tension  clone  to  that 
of  water,  colloidal  Holutioiu;  (such  as  0.5  per  cent  soap  solution) 
bavo  a  very  low  Burfacc  tension.  Hence,  the  tendency  to  di- 
minish tht'  surface  of  droplets  of  «oap  solution,  by  coalescence,  *» 
slight  and  ineffective.  Furthermore,  tu  predicted  by  Willaixl 
(iibbs  of  Yale  Uiuvcraty,  and  proved  by  experiment,  a  oolloitl 
has  the  peculiarity  that  it  tends  to  reach  a  higher  eoncvutration 
in  l)>o  surface  layer  than  it  has  elsewhere  in  the  liquid.  When  the 
colloid  has  adjusted  itself  to  a  state  of  equilibrium,  in  this  regard, 
it  resints  a  decrease  in  the  surface  (which  would  incrraec  its  concen* 
Iration  beyond  the  equilibrium  value),  just  as  much  as  it  roasts  an 
increase,  which  would  diminish  its  concentration.  The  emulsion 
of  11  eolloidai  suspension  with  an  immiscible  liquid  is  thus  a  stable 
condition. 

Experiments  confirming  this  view  are  easily  made.  If  a  8olu- 
tion  of  a  dye  like  methyl  violet  (colloid)  be  shaken  violently,  and 
the  froth  (large  surface  in  proiwrtioii  to  quantity  of  li<iuid)  be 
«:piiratod,  it  is  found  that  the  liquid  produced  by  the  subwdence  of 
the  frotii  (an  cuiul.-«iou  with  air  is  not  permanent),  is  darkar  in 
sliftde,  Jind  contains  more  dye.  than  an  equal  anioimt  of  the  original 
liiliiid.  Soap  solution,  nftcT  being  shaken  likewise,  contains 
reUitively  more  saaj)  in  the  froth  than  in  tlie  liquid. 

Adaorptitm  oj  Colloidal  Matter.  —  As  we  have  seen  (p.  400), 
when  liquids  contahiiii);  colloidal  substancea,  such  as  dyea  and 
natural  organic  colorinji;  mattcm,  are  ahaken  with  pulverized 
charcoal,  the  colloid  is  ad»orb«d  by  the  charcoal  —  that  is,  it  ad- 
heres to  the  aurfaee  of  the  particle-s  of  the  charcoal.  This  principle 
is  used  in  decolorizing;  sugar  (p.  405)  and  in  "bleaching"  oils. 
Now,  aoap  is  also  removed  by  shaking  with  charcoal  or  with  in- 
fusorial earth,  in  the  same  fashion. 

Pulveri7.ed  charcoal  is,  relatively,  a  coarse  powder.  If  soot, 
which  is  very  finely  divided  carbon,  be  frewi  from  oil  or  grease  by 
washing  with  ether,  it  gives  a  loose,  non-caking  powder.  If  this 
powder  be  shaken  with  water,  it  settles.  If  it  be  shaken  with 
dilute  soap  solution,  it  remains  in  suspension,  and  the  liquid  re- 
Bcinblcs  ink.  The  particles  are  so  fine  that,  instead  of  carrying 
down  the  colloidal  soapj  and  forming  a  precipitate,  as  charcoal 
doe«,  they  attach  themselves  to  the  colloidal  soap,  and  remain 
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suspended.  This  is  therefore  adsorption,  with  the  difFercncjc  from 
the  ordinary  phenomenon,  that  the  colloi<l  carries  off  the  adsorb- 
ent, instead  of  the  adsorbent  carrying  down  the  colloid.  Now 
dirt  is  composed  birgely  of  soot,  and  equally  fbe  particles  of  other 
substanr^s.  Hence,  the  soap  first  emulsifies  the  oil  on  the  hanii» 
(or  on  soiled  linen,  for  example)  and  then  adsorbs  the  particles  of 
dirt  which  are  thus  set  free. 

Formerly,  soap  solution  waa  supposed  to  remove  grease  (and 
soot?)  because  of  its  blight  alkaline  reaction,  due  to  hydrolyos. 
This  explanation  must  be  given  up,  because:  (I)  an  alkali  so 
dilute  that  it  exists  in  equilibrium  with  the  free  fatty  acid,  can  not 
possibly  saponify  the  ester  contained  in  a  grease  spot.  (2)  Pure 
alkali  of  the  same  concentration  (or  stronger)  has  no  more  emulsi- 
fying  power  than  has  water.  Such  an  alkaline  solution  will 
indeed  emulsify  an  animal  or  vegetable  oil  (cod-liver  oil,  cotton 
oil,  castor  oil),  but  it  docs  so  by  interacting  with  the  free  fatty  acid 
always  present  in  such  oil  (p.  414)  ami  forming  Iherefrom  a  soap. 
Such  an  alkaline  solution  docs  not  emulsify  kerosene,  although 
soap  solution  docs.  Tlic  eniutsifj'ing  iigcni'y  in  each  case  is  u  soap. 
(3)  Very  dilute  alkali  has  no  iiion-  effect  ujwn  soot  than  has  water, 
—  but  soup  solution  takes  clean  (grcuscless)  soot  instantly  into 
pennancut  suspension.  (4)  ^\ii  aqueous  solution  of  saponin 
CajflMOui,  obtainable  from  several  plants,  although  it  contains  no 
alkali,  latlters,  emulsifies,  and  adsorbs  dirt,  just  as  does  soap.  It 
is  u  colloid. 

Ctanookn 

Cyanogen  CV^s-  —  This  compound  is  prepared  by  allowing  a 
solution  of  cupric  sulphate  to  trickle  into  a  warm  solution  of  potas- 
sium cyanide.  The  cupric  cyanide,  at  6rst  precipitated,  quickly 
decomposes,  giving  cuprous  cyanide  aad  cyanogen: 

2KNC  +  CuSO«^Cu(NC),i  -I-  K^SO., 
2C«(NC),-^2CuNC -|-CN,T. 

Cyanogen  is  a  very  poisonous  gas  with  a  characteristic,  fatnt  odor. 


Hydraryanlc  Acid  H\C.  —  This  acid,  called  also  pruulc  add, 
is  most  easily  made  by  the  action  of  an  acid  upon  a  cyanide  (sew 
Potassium  cyanide),  followed  by  distillation.    It  is  a  colorless  liquid 
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boiling  at  26.5".  It  bae  an  odor  like  that  of  bitter  almondii,  and  is 
highly  poisonous.  In  aqueous  solution  it  is  an  extremely  feeble 
acid.  Hydrocyanic  acid  and  the  cyanides  are  unsaturated  com- 
pounds, a  fact  which  is  illustrated  in  the  two  following  paragraphs. 

Cyanatea  and  Thiocyanates.  —  When  potassium  oyanide  ia 
fused  and  stirred  with  an  easQy  reducible  onde,  Uke  lead  oxide 
(PbO),  the  motal  (for  example,  the  lead)  collpcts  at  the  Iiottom  of 
tho  iron  crucible  in  molten  form,  and  potuaium  cyaoate  KNCO  is 
produced: 

KNC  +  PbO  -<■  KNCO  +  Pb. 

Ammonium  cyanftto  NH4NCO,  when  dissolved  in  warm  water, 
undergoes  a  profound  cliange.  It  turns  into  ur»a  (NHOiCO  (car- 
bamide), which  has  the  same  composition.  The  former  is  a  salt, 
and  is  ionized,  and  enters  into  double  decompositions:  the  tatter 
is  not  ionized,  but  b  like  ammonia,  able  to  combine  with  adds. 
This  is  ail  example  of  lnt«mal  re&rraiic«m«nt  (p.  14S).  Tv/o  sub- 
Et.anccj4,  of  the  same  composition  and  molecular  weight,  but 
different  chemical  behavior,  arc  called  Isomors.  Urea  is  one  of  the 
forniii  in  which  nitrogen  is  eluninated  by  aniuials.  The  prepara- 
tion of  what  seemed  to  be  a  typical  product  of  life  from  a  substance 
(ammonium  cysnatc)  cuaily  made,  if  necessary,  from  the  four 
clciiient»  themselves,  wtu  the  first  ca)<e  of  the  artificial  production 
of  an  organic  compound,  and  created  a  great  stmsatiuu  when  it  visa 
first  nceoniplii^hed  by  Wohlcr  in  1828, 

When  pota.'<i<ium  cj'anidc  in  aqueous  solution  is  boiled  with 
sulphur  or  with  a  polysulphide  (p.  274)^11  is  converted  into  potas- 
■imn  tblocyanata  KCNS.  Tliis  salt,  or  ammonium  thlocyuut* 
NH^('NS,  b  used  in  testing  for  ferric  ions  on  account  of  the  deep- 
red  color  of  ferric  thioc>'anate  (c/.  p.  182). 
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Plants  and  animals  contain  substancea  which  are  similar  in 
composition,  such  as  sucrose  and  lactose  (p.  404),  starch  and 
glycogen  (C^eHm  ()s)«,  animal  fata  and  vegetable  oils  (both  esters). 
Albmnins  and  other  proteins  are  found  in  both.  They  differ,  how- 
ever, markedly  in  tho  sources  of  these  substunoes.  The  plant 
uses  simple  nmtcrials,  like  carbon  dioxide,  water,  and  polafwlum 


COLLEGE   CHEHISTRT 

nitrate.     The  animal  can  make  no  u«e  erf  these  substaocee  —  it 
niitst  be  fed  on  complex  comix>imrls  of  animal  ur  vvgctablc  origin. 

Foods.  —  Since  the  animal  in  oontintiously  eltminating  cftrboa 
dioxide,  moisture,  compoiind«  of  nitroRpn,  saltw,  and  other  sub- 
stances, ami  is  also  RivinK  off  heat,  these  niatt^-rials  must  be  re- 
placed, and  fuf-1  must  l>e  furnished.  Like  the  plant,  an  animal 
can  absorb  only  dissolved  niaterial.  But  it  prepares  its  own 
solutions  in  a  remarkable  laboratory,  the  di'drMivn  tract.  The 
production  of  suitable  soluble  sulwtances  is  called  digestion. 

The  table  shows  the  chief  componsnta  of  animal  food,  and  the 
proportion  in  which  each  U  present  in  the  cliief  foods  used  by  man: 
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Donf  (lean)     .  .  . 
Cod 

fcliK  *'.'.'.'.'.'. 

nmior 

Ch«N!»v  (cbeddar) 

Oatmeal 

Wheat  Rour    .   .  . 
Bmids  (dried)    .  . 

Alniuada 

Mniao  (green  oom) 

PolntooN  

Lettuce 


Watar. 


73  8 
82. A 
73.7 
87,0 
11.0 
37.4 

7.3 
11.9 
12-6 

4.3 
78.4 
78.3 
M.7 


ProUiu. 


22.1 
15.8 
14.8 
3.3 
1.0 
«T.7 

la.i 

13.3 

22.$ 

21.0 

3.1 

1.2 

1.2 


Fm. 


S.B 
0.4 

10.6 
4.0 

85.0 

36.8 
7.8 
l.S 
1.8 

&!.» 
1.1 
0.1 
0.3 


Cuba- 
hydnt*. 


fi.O 

"i'.i' 

67.S 
73.7 

sa.s 

17.3 
19.7 
tS.1 
2-0 


AUu 


l.S 
l.S 

1.0 
0.7 
3-0 
4.0 
1.9 
0  0 
3-S 
20 
0  7 
10 
0  9 


•  TbBinialiiSRiblMisiuMMatowlrailhaciMm:  tfaspdndn  (Hadn.  caOahUllr  nupwdtd  j 
In  ibo  ikuii  luilk)  t>  iMMul*<«4  br  nUM  aad  couiiuim  titear:  ibe  cubtiby^nlm  (l*MM«a^ 
■  niaai}  t*  ibeo  ltS\  a  tha  ntUr,  ■loot  wW>  humiJa  wlU. 

Wo  observe  that  (he  common  animal  foods,  except  nulk,  contatninB^ 
lactose  (p.  404),  carry  no  carbohydrates  (the  ox  liver  contaba 
about  2  per  cent  of  Rlyoogen) ;  that  potatoes  and  corn,  when  dried, 
are  nearly- all  starch;  that  leou  meat,  dry,  is  all  protein;  that  some 
seeds  (wheat  and  beans)  contain  little  fat,  some  (oatu)  much  more  \ 
fat,  aiid  some  (almonds  and  outs)  a  large  amount;    and  tliat^ 
lettuce  LI  mainly  water,  with  useful  inorganic  salts  in  solution,  and  j 
rellulone. 

The  protalDB,  several  of  which  have  been  mentioned  (pp.  312,1 
340,  359)  are  white,  amorphous  subnancw  containing,  beside*] 


FOODS 


423 


carbon,  hydrogen,  and  oxygen,  a  large  proportion  of  nitrogen 
(IG  p^T  cent),  iTiome  sulphur  (1  per  cent]  and  frequently  iron  and 
phosphorus  us  well. 

Digegtion.  —  The  process  of  rendering  the  constituents  of  food 
soluble  18  like  fcrincntfttion  (p.  406)  —  it  is  performed  nkaiiily  by 
enzjines.  E^ch  class  of  eompoucnt»  is  handled  by  one  or  more 
e-nzymes.  Thus,  lUrob  (in  breftd  and  potatoes)  is  partly  digested 
durititi;  mastication  by  ptynlin  (an  aniylitse,  p.  406)  in  the  suliva, 
and  partly  by  aiiiylopHin  In  the  amall  intestine.  The  resulting 
nialtoRC  is  decomposed  into  glucoses  by  another  enzyme,  and  passes 
into  the  blood  where  it  is  oxidized,  furnishing  heat.  In  diabet«s, 
much  of  the  glucose  escapes  oxidntion,  and  is  eliminated.  Again, 
the  fftU  are  hydrolize^i  into  the  acids  and  glycerine  by  lipases 
(fat-Aplitting  eniymes)  in  the  bile,  and  the  acids  go  into  solution 
(probably  colloidal).  The  acids  and  glycorinp  reeonibine  to  form 
fats  in  the  blood,  and  are  either  deposited  in  the  tissues  or  oxi<iiz(-d. 
Finally,  the  proteini  are  clianged  in  a  fdmilar  way  into  peptones 
which  are  soluble  in  water,  and  in  this  form  are  able  to  pass  through 
the  wall  of  the  intestine. 

File/  Value  of  f'«>od.— ^.\lthough  food  is  required  to  replace 
waste,  much  of  it  ia  needed  to  furnish  energy,  by  its  oxidation,  so 
that  muscular  movements  may  be  maintained,  and  the  tempera- 
ture of  the  body  kept  Up  to  its  normal  value  (37°  C).  Thus,  the 
fual  valuw  of  fooUa  are  important.  The  average  fuel  values,  ex- 
pressed in  large  cakrrieg  (I  Cal.  =  1000  cal.  as  previously  defined, 
p.  174),  per  gram,  arc: 

Carbohydrates,  4  Cal.    Fats,  9  Cal.    Proteins,  4  Cal. 

The  fuel  values  per  pound  (453.6  g.)  are  453.6  times  greater. 

Healthy  life  cannot  be  maintained  on  one  kuid  of  food  —  a 
mixed  diet  is  necessary.  In  general,  it  is  held  that  100  g.  of 
proteins  (giving  4O0  Cal.)  per  day,  and  a  sufficient  amount  of  oXhw 
foods  to  give  a  total  fuel  value  of  2200  cal.  is  enough  for  a  person 
doing  no  physicid  labor.  When  physical  labor  is  involved,  larger 
values,  up  to  3800  wd.  \kt  day,  arc  nece.ssary.  The  data  in  the 
table  (p.  422)  will  enable  one  to  calculate  the  fuel  value  of  100  g. 
(or  of  1  lb.)  of  each  kind  of  food. 
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Exercises. —  1.  Make  the  graphic  fonuultt  of  ethyl  fonnate, 
ethykne  bromide  (p.  393),  etJiyl  alcohol, 

2.  Miike  (equations  for  the  foniiutiuii  of  palmitin  (p.  413),  the 
naponiGcatioD  uf  olein  (p.  415). 

3.  PrcpHre  n  aamiaaij  of  the  Vftriuus  statoinentii  that  have  \xvn 
made  in  the  text  about  eatftlytU  <.e^.,  pp.  29,  59,  156,  160,  279, 
288,  341,  361,  406),  and  illialraU?  fully. 

4.  Calculate  tho  fuel  value  of  1  lb.  each  of  (a)  oatmeal,  (fr) 
potatoes,  (c)  i«ttuoe. 

5.  Calculftte  tJie  weights,  both  in  poiindit  and  in  Rrama.  of  100 
Cal.  portions  of  (n)  eggs,  (6)  wheat  flour,  (c)  aiiiiondB,  (d)  lettuce. 

6.  At  current  market  prices,  what  would  be  the  coet  per  100 
Cal.  portion  of  beef,  cod,  butter,  aad  wheat  flour,  reepcctivcly. 
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StUCOH  AND  BOROK 


In  respect  to  ohemlcAl  ralMlomi  there  is  s  close  resemblance  be- 
tWMm  uUcoii  iind  (.urbou.  ^ilicun  gives  a  monoxide,  but  is  quad- 
rivalent in  all  its  other  compounds.     It  is  a  non-mctallic  element. 

Occurrence.  —  Silicon,  unlike  carlwn,  is  not  found  in  the  free 
condition.  In  coinbiniition  it  is  the  most  plentiful  element  after 
oxygen,  and  constituttv  more  th»n  one-quarter  of  the  crust  of  the 
Mrth.  The  oxidt;  is  silioa  or  siuid  (SiOi),  and  this  oxide  and  ita 
compounds  arc  components  of  many  rocks.  In  the  inorganic 
world  silicon  is  the  characteristic-  clement  to  almost  aa  great  an 
extent  as  is  carlx>n  in  the  organic  roJm. 

Preparation  of  SUtcon.  —  When  finely  powdered  magnesium 
and  siiud  ftre  iiiixi^Hl.  and  one  pnrt  of  the  niaess  is  heated,  a  violent 
actitm  Bprcadfi  rapidly  through  the  whole: 

2Mg-|-S)0.  — Si-|-2MgO. 

At  the  aome  time,  and  especially  if  excess  of  the  metal  m  used, 
some  magneaiura  silieide  \Ig^i  b  fonned  also.  The  mixture  is 
treatwl  with  a  dilute  acid  which  decompoees  the  magneRium  oxide 
and  the  Etilictde  (see  below),  and  leaves  the  •Ulcon  (unorphDua) 
uiidiiwolved.  WTien  amorphous  Hilicon  is  diwsolved  in  molten  zinc, 
tJie  nift.'w,  when  solid,  contains  crystaUlne  bIUcoq.  The  xinc  is 
removed  by  the  action  of  a  dilute  acid,  the  silicon  remaining  un- 
affected. 

Silicon  and  ferrMlllcon  (an  alloy  of  iron  and  «licon)  are  now 
made  on  a  large  8cale,  the  former  by  heating  sand  and  carbon,  the- 
latter  by  heating  a  mixture  of  ferric  oxide  and  sand  with  carbon 
in  the  electric  furnace  (p.  377), 

Propertie*.  —  Ainorphoui  tUIoos  in  a  brown  powder.  It 
unitea  witJi  Quorine  at  the  ordmary  temperature,  witJj  chlorine  at 

42fi 


426 


COLLEGE   CHEMISTRY 


J 


4a0°,  with  bromine  at  500°,  with  oxj'gen  at  400",  with  sulphur  »t 
600°,  with  aitrogirn  at  ubout  1000°,  and  with  carbcm  and  borou  at 
tcmpcmturos  atttiiniililu  only  in  the  electric  furnavc.  It  its  di»- 
Bolvcd  by  a  mixture  of  hydrofluoric  actd  and  tiilric  acid,  giving 
ffllicoD  tctratluoride.  CrTstalliied  Blllcon  forma  black  needles  bo* 
loogini;  to  the  hcxagoiml  system.  Silicon  and  fcrrosilicon  act 
rt'iwiily  upon  a  coid  solution  of  sodium  hydroxide  (</.  p.  56),  the 
ortbo*  or  metaKilicate  of  sodium  Iwtug  formed: 

Si  +  2NaOH  +  H,0  —  Na^iO,  4-  2H,  t . 


i^H 


Thia  IB  one  of  the  sources  of  hydrogen  for  filling  balloons  and  al 
ships. 

Silicon  Hydride  SiH^.  —  Silicon  differs  from  carbon  in  gi^'ing 
only  two  well-defined  compounds  with  hydrogen.  The  chief  o»e 
may  be  liherutixl  as  a  gfna  by  the  action  of  hydrochloric  acid  upon 
maguesium  filicide: 

MfeSi  +  4Ha  -» 2MgCI,  +  SiH^. 

The  action  is  like  that  by  which  hydrogen  sulphide  is  made.  The 
gas  ia  easily  inSammablo,  and  burns  to  form  water  and  sihcon 
dioxide.     When  hcutcd  alouc-,  it  decomposes  into  it«  constituents. 

Silicon  Tetrachloride  and  Tetrqjluoride.  —  The  tetrachlo- 
ride BtClt  IA  formed  by  direct  union  of  the  free  elemente.  It 
may  also  be  prepared  by  passing  chlorine  over  a  strongly  heated 
mixture  of  silicon  dioxide  and  carbon.  The  products  enter  a 
coudenBcr  in  which  the  tetrachloride  a^umes  the  liquid  form: 

3C1,  +  SiO,  +  2C  ^  SiCl,  +  2C0. 


a 
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Chlorine  is  unable  to  displace  oxygen  from  combination  witn 
silicon,  and  has,  therefore,  when  alone,  no  effect  upon  siiiid.  In 
the  above  action,  therefore,  the  carbon  is  used  to  secure  the  oxygen 
while  the  chlorine  combines  with  the  sUicou.  This  kind  of  inter- 
actioii  was  formerly  used  for  making  many  chlorides  (e-g.,  BCI», 
AICl),  CrClj)  from  oxides,  before  simple  ways  of  obtaining  the 
elements  in  the  free  coniUtion  were  known. 

Silicon  tetrachloride  is  a  coIorlesB  liquid  (b.-p.  59°),  which  fumes 
strongly  in  moist  air,  and  with  water  precipitates  silicic  acid: 

SiCl*  +  4H.O  -» 4HC1  +  Si(0H)4. 
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When  Htrong  hydrofluoric  acid  iiot*i  upon  kuuU,  lUlooio  t«tift> 
fluoride  SiFj  ia  Ubemted: 

SiOi  +  4HF  -» 2H,0  +  SiF,. 

ffincc  the  wRtcr  inteniots  with  the  tctrafluoride  (me  below),  the 
latter  IK  UMuatly  mfttle  by  heating  sand  witti  powdered  calcium 
fluurido  and  excess  of  sulphuric  iicid.  In  this  way  the  hydrogen 
fluoride  is  gcnerfttcil  in  contact  with  the  sand,  and  at  the  name  time 
the  sulphuric  acid  renders  the  w«ter  inactive.  Hyilrofiuorir  acid 
acts  in  a  corresponding  way  upon  all  silicaten  (q.v.),  whether  these 
arc  roinerals  or  are  artifirial  »ilicate8  Ulce  glasH  (r/.  p.  20ft]. 

Silicon  tetrafliiori<le  Li  a  colorlesn  gpn.  It  funieit  strongly  in 
moist  air,  and  acta  >'igorously  upon  water,  '["his  interaction  is 
different  from  that  of  the  tetrachloride,  because  the  excess  of  the 
tetrafluoride  forms  a  complex  compound  with  the  hydrofluoric 
acid: 

SiF,  +  4H|0  -»  Bi(OH).  (+  4HF).  (1) 

(4HF)  +  2SiF«  —  2H:SiF,.  (2) 

3SiF,  +  4Hrf>  -*  Si(0H)4  +  2H^iF^ 

The  silicic  acid  ia  precipitated  in  the  wnt^r.  and  may  bo  separated 
by  filtration,  leaving  a  solution  of   hydrofluoalliclo  acid. 

ttydroftuosUicic  Acid  HaSiF^.  —  This  ncid  is  stnblc  only  in 
iwlution.  Wlien  tlio  water  la  reniovwl  by  evaporftlioii,  silicon  t«t- 
raRuoride  is  given  off,  while  most  of  the  hydrogi^n  fluoride  remains 
to  the  hist.  Its  salts  are  decomposed  in  a  corresponding  way  when 
they  are  heated.  This  acid  is  u«h1  in  analymi;^  chiefly  lM>«iuiM:  it« 
]iotnssium  salt  KiSiF*  is  one  of  the  few  salts  of  this  metal  wliich 
are  relatively  insoluble  in  water.  The  barium  salt  is  also  insoluble, 
but  most  of  the  salts  of  the  heavy  metals  are  soluble. 

SUicon  Dioxide  SiOa.  —  This  aubatanee  is  found  in  many 
different  forms  in  nature.  In  large,  transparent,  six-aided  prisma 
with  pyTarnidal  ends  it  is  known  as  quartz  or  rock  crrstaL  When 
colored  by  mangiknese  and  iron  it  is  called  amethyst,  when  by 
organic  matter,  imoky  quarts.  A  spccinl  urrmigcmcat  of  the 
etnioture  givcfl  oat'i  aj*.  Amorphous  forins  of  the  same  material, 
often  colored  brown  or  red  with  ferric  oxide,  are  agat*.  jupar,  and 
oayx,  the  last  much  used  in  making  cameos.    Slightly  hydrateJ 
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varieties  of  ailicai  an  the  op»l  and  fliat.     Forms  pro«lu<!od  by  i 
ganisuis  arc  spongM  nrxl   infiuorial  «uth   (Tripoli).     Tlic  latter 
is  used  in  scouring  nmUuiiils  and  for  decoloHzinR  oils  (p.  419). 

Silica  is  found  in  the  hard  parLt  of  straw,  of  some  species  of 
horsctnil  (rifiisrlnm),tinii  of  haraboo.  In  the  form  of  whetstoruw 
it  is  used  for  j^riiidin^.  'Vha  dear  crystals  are  employed  in  making 
spcctaoloii  and  optical  instrumentB  ana  are  more  transparent  to 
ultra-violet  light  than  is  gloss.  Pure  sand  is  used  in  Riass  manu- 
facture (i/.i'.).  Recently,  small  piecps  of  chemical  apparatus  have 
been  manufactured  by  fusing  quarts  (m.-p.  1600")  in  the  oxj-- 
hydroRcn  flame  or  the  eloetric  furnace.  The  material  does  not 
crj-Btallize  on  cooling,  and  is  ajnorphous,  like  glass.  Owing  to  the 
low  coefficient  of  o-xpansion  of  silica,  the  vessels  can  be  heated  red 
hot  and  chilled  in  cold  water  without  risk  of  fracture. 

SUiaitea,  Water  Glasa.  —  Silicon  dioxide,  although  differing 
profoundly  from  carbon  dioxide  in  its  physical  nature,  nevertheless 
behaves  like  the  latter  chcniiciilly.  Thus,  when  boiled  with 
sodium  hydroxide  solution  it  forms  sodium  roetasilicat«  NatSiOj 
or  orthoMlicate  NftiSiO*. 

SiOi  +  2NaOH  —  Na,SiO,  +  H,0. 

The  salt  is  left  as  a  gelatinous  solid  ("soluble  glass")  ^bcn  the 
watej  is  evaporated.  The  silicates  of  potassium  and  sodium  may 
also  be  obtained  by  boiling  sand  with  the  carlwnat^s  of  these 
metals,  or,  more  rapidly,  usually  as  metiisiUcateji  (see  below),  by 
fusing  the  mixture: 

SiO,  +  K^O,  —  KiSiO,  +  CO,T  - 

WatsT  glwa  or  soluble  glass,  being  a  s^t  of  a  feeble  acid  with  an 
active  base,  gives  a  solution  with  an  alkaline  reaction  (p.  271, 383). 
When  nianufact itrcd  for  commercial  use,  it  has  the  composition 
N!kSi:Oi(N!iiSiO,.SiO)),  and  gives  a  less  alkaline  solution.  It  is 
used  tut  a  filler  in  cheap  »ou{)s,  for  Breproofing  and  waterproofing 
timber  and  textile'^,  and  for  preserving  eggs. 

Siliric  Arid  l/^.SiO,.  —  When  acids  are  added  to  a  solution  of 
sodium  .lilicatc,  !<ilioic  .icid  i-s  jvt  free.  AStvr  a  little  delay  it  usu.illy 
appears  as  a  gelatinous  proei])itato.     When,  however,  the  silicate 
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IB  poured  into  excess  of  hydrochloric  acid,  no  prcci[utation  occurs. 
The  silicic  acid  remains  in  colloidal  siup«n>lon.  The  acid  iBortho- 
ailicio  acid: 

Na4SiO«  +  4IIC1  —  4NiiCl  +  ELSiOj , 
Na^iO,  +  2HCI  +  H,0  -  2NiiCl  +  H^i0.l. 

but  the  eelatiuouB  prccipitiitc,  when  dried,  lo«<C8  the  elemeats  of 
water.  There  stem  to  be  no  dcfinit*  sttigf^,  iitdicating  the  exist- 
ence of  various  acids,  such  as  wv  observe  with  phosphoric  arid. 
The  final  product  of  dr>'ing  is  the  dioxide.  Silicic  acid  is  a  very 
feeble  acid  and,  therefore,  ^vcs  no  salt  with  ammonium  hydroxide 
(feeble  base). 

T1i«  suspciisiun  uf  colloidal  silieic  acid  can  be  freed  from  the  acid 
and  sodium  chloride  (sec  equation,  almve)  by  dialysis  (p.  416). 
It  is  a  positive  or  a  negative  colloid,  according  to  tJic  mode  of 
prcpiiration,  and  the  two  kinds  are  coagulated  by  addition  of  salt* 
luiviiig  bivalent  negative  and  positive  ions,  respectively. 

Mineral  StUcatex.  —  While  slicic  arid  is  the  ortho^cid 
H(SiOi,  and  no  other  silipic  acids  have  been  made,  the  salts  are 
most  easily  classified  bj'  imagining  them  to  be  derived  from  various 
acids  representing  different  degrees  of  hydr.-ition  of  the  dioxide 
(<^.  p.  360),  or,  to  put  it  the  other  way,  different  deftrees  of  dehy- 
dration of  the  ortho-acid-  The  following  equations  show  the 
relation  of  the  ortho-aci<I  to  some  of  the  KiUcic  arids  whose  sails 
are  most  commonly  found  amongst  minerals: 

HtSiO,  -    H,0— HpSiO,  (=    H^,SiO,)      Metaailiric  add. 
2H,Si04  -    H,0  -.  H^iiO,  { =  3H^.2SiOi)  }       ...  .       . , 
2ELSiO*  -  3H,0  —  H^ijO,  (=    H^.2SiO,)  !  ^'^"'*^*'^  «<"•"■ 
3H(Si04  -  4HiO  -•  H«Si^i  (■*  2H,0,3Si(W    Trisiliric  arid. 

Di-  and  trisilicate-s  are  those  derived  from  acids  contAining  two  and 
three  units  of  silicic  anhydride,  respectively,  in  the  formula.  The 
valences  of  the  negative  radicals  of  the  arids  are  shown  by  the 
number  of  hydrogen  units  in  the  formula?. 

The  composition  of  minerals  is  often  exceedingly  complex.  ThiB 
ia  due  to  the  fact  that  amongst  them  nuxed  salta  (p.  245)  are  very 
common,  in  which  the  hydrogen  of  the  imaginary  acid  is  displaced 
by  two  or  moK  metals  in  such  a  way  that  the  total  quantity  of  the 
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metals  is  equivalent  to  th*  hydrogen.  The  following  linl  prcMrats 
in  tabular  form  some  ^piol  or  oommon  minorali  arrangoil  oouord- 
ing  to  the  foreRoing  clasaification: 


0RTfl08n,ICATK3    (li^KiOf) 

Zircon,  ZrSiO, 
Garnet,  Ca.Al5(Si<>,). 
Mica,  KH^AI-CSiO,). 
Kaolin,  H,AI,(SiO,),,H,0 

DIBILICATE    (HoSijOi) 

Serpentine,  Mg,Si50:,2UjO 


MKTASILICATES   (H^JO)) 

Wolla8toiiit«,  CaSiOi 
Beryl,  (:i,,Al,{SiO,). 
Talc  (soapstoiie),  H^gi(SiOi)4 
AflbeatoR,  MgiCaCSiO*)* 

TRISILlrATE    (HfSiiOl) 

Orthoclaae  (feUpar),  KAJSijO. 


It  will  bo  seen  that  tbe  total  valcuec  of  tbc  nictul  units  is  equal  to 
that  of  the  acid  rndicitls.  Thus,  iu  Ijcryl  there  are  six  equivalents 
of  glueinuiu  (Itorylliiim)  and  mx  of  aluminium,  taking  the  place  of 
twelve  units  of  hytlrogen  in  (H^iO*)*. 

Hlca,  which  ia  obtained  in  large  sheets  from  Farther  India,  is 
used  in  making  lamp  chimneys  and  tm  an  insulator  in  electrical 
apparatus.  Kaolin,  or  ol^,  like  mica,  is  an  acid  orthusilicate. 
Garnets  are  puli'erized  in  manganese  steel  crushers  and  used  in 
making  samlpaper. 

Some  of  theae  minerals  frequently  occur  mixed  together  as  regu- 
lar components  of  certain  igneous  rocks.  Thus,  gnmit*  (p.  2} 
is  a  more  or  less  coarse  mixture  of  quartz,  mica,  and  felspnr. 
Frequently  the  ohlong,  flesh-colored  or  white  crj-stals  of  the  last 
are  very  conspicuous.  Sandstono  is  composed  of  sand  cemented 
together  by  clay  or  by  lime,  and  colored  brown  or  yellow  by  ferric 
oxide. 

Tlie  high  melting-point  of  silica,  compared  with  carbon  dioxide, 
and  the  formation  of  these  complex  silicates,  indicate  that  the 
oxide  ifi  highly  associated  (SiOi)*. 

Boron  B 

As  regards  clwmlcal  relations,  boron,  being  a  uniformly  trivalent 
element,  is  a  member  of  the  aluminium  family  (sec  Table  of  periodic 
system).  Yet  it  is  a  pronounced  non-metal,  and  its  oxide  and 
hydroxide  are  acidic:  aluminium  is  »  metal,  and  with  its  oxide 
and  hydroxide  basic  properties  predominate.  Boron  and  its  com- 
pounds really  resemble  carbon  and  silicon  and  their  compounds  in 
all  chemical  prui>erties,  exoeptiug  that  of  vulvuce. 
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Oocurrencfr.  —  Like  silicon,  boron  is  found  in  oxygen  com- 
pounds, namely,  in  boric  acid  and  its  salta.  Of  the  latter,  sodium 
tetmborate  NaiB(()),  or  twrax,  fame  first  from  India  under  the 
name  of  Utie&l.  It  onnstitute^  a  large  deposit  in  llorax  l^ke  in 
California,  (.'olemanite,  ('ajBnOm-'iHzO,  from  C'alifornia,  fur> 
nishcfl  a  large  part  of  the  commeroisl  supply  of  compounds  of 
boron. 

Preparation. — When  boric  oxide  is  bcated  with  powdered 
magnuiiuiu  (B,Oi  +  3Mg—t3MgO-f2B),  black,  amorphous  boron 
can  bcHcptiriitLil  with  some  difficulty  from  the  Ixjridiw  uf  magnesium 
in  the  n'riuUiiig  mixture.  When  rxcciis  of  powderud  aluminium  is 
used,  hard  crystals  of  boron  arc  formed. 

Properties, — Boron  unites  with  the  same  dvancnts  as  docs 
silicon  (p.  42-5),  but  with  somcwbiit  greater  activity.  Like  carbon 
(pp.  276,  355),  it  is  also  oxidized  by  hot,  concentrated  sulphuric  or 
Ditric  arid,  the  product  Ixnng  boric  acid.  It  interacts  with  fused 
potassium  hydroxide,  giving  a  borate: 

2B  +  6K0H  -»  2K.BO1  +  3H,. 

Boron,  when  heated  with  nitrogen,  unitee  to  form  the  nitride  BN, 
a  white  sohd.  When  heated  in  the  electric  furnace  with  carbon, 
it  forms  a  earfoldo  BsC  This  substance  is  harder  than  ciirborun- 
dum,  and  stands  next  to  the  diamond  in  this  rc«pect  (Appendix  II). 

The  Halides  of  Boron.  —  By  combined  lu-tion  of  carbon  and 
chlorine  on  boric  oxide  (p.  426),  the  trichlorida  of  boron  BClj  may 
be  made.  It  is  a  liquid  (b.-p.  18°)  which  fumes  strongly  in  moist 
air,  and  is  completely  hydroIyawMl  by  water. 

Boron  trlfluorida  BF,  is  ma<le  by  the  interaction  of  calcium 
fluoride  and  sulphuric  acid  with  boron  trioxide.  The  mode  of 
preparation  and  the  properties  of  the  substance  recall  silicon 
tetrafluortde  (p.  427).  It  interacts  with  wat«r,  like  the  latter, 
giving  boric  acid  and  bydrofluoborie  aeld  MBF4: 

4BF,  +  3HjO  -.  BCOH),  +  3HBP,. 

Borfc  Acid  and  Boron  Trioxide.  —  Boric  acid  (boraeic  ncid)~ 
HiBOi  is  somewhat  volatile  with  steam,  and  b  found  in  Tuscany 
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in  jetH  of  water  vapor  (voj^'u)  wbich  issue  from  thp  ground. 
Water,  rctJtiued  in  basins  of  brickwork,  is  placed  over  the  open- 
ings, und  (ruin  this  water,  after  evaporation,  boric  acid  is  obtained 
in  cr>*st!illiric  form.  As  Iwric  acid  is  a  very  feeble  acid,  and  withal 
little  soluble,  it  may  aIho  be  mmle  froin  sulphuric  acid  and  eoo- 
centratcd  borax  solutioa.    It  co'stallizes  on  cooling  the  mixture: 

NaAOi  +  H,80i  +  5H,0  ts  Na^O*  +  4H»B0,1 . 

Boric  acid  cryetallbiefl  from  water  in  thin  white  plates,  which  arc 
unctuous  (like  graphite  and  talc)  to  the  touch.  Its  solubility  in 
water  is  4  part*  in  100  at  19°,  and  34  in  100  at  lOO".  The  soliilion 
8CftnM?Jy  affects  litmus.  The  green  tint  it  confers  on  the  Buuscn 
flame  is  uaed  as  a  t«it  for  the  acid.  At  100"  the  acid  slowly  loses 
water,  leaving  toetaboric  add  ICRCX,,  and  at  140°  tetraborfc  anid 
is  formed:  4IIB()j  —  H3O  — >  H5B4(^.  Strong  heating  gives  the 
tiioxid*  B3U11,  a  glassy,  white  solid.  When  disfiolved  in  water,  all 
tbrae  dehj'dratcd  compounds  revert  to  orthoboric  acid  HjBOi. 
Tb6  eolution  of  Itoric  acid  in  water  is  used  as  an  antiseptic  in 
medicine  (half-saturated,  2  per  cent  solution),  and  sometimes  as 
a  preservative  for  milk  and  other  foods. 


Borates.  —  Borates  derived  from  orthoboric  acid  are  practically 
unknown.  The  most  familiar  salt  is  borax  or  lodium  tecraborat*. 
The  decahydrate  NaiB4Oj,10HiO,  which  crystallizes  from  water  at 
27°  in  large,  transparent  jirisms,  and  the  pentahydrate  wWch 
crystallizes  at  ;W,  are  both  marketed.  They  are  made  by  crystal- 
lization of  native  borax.  In  Germany,  borax  is  prepared  from 
boradte,  found  at  Stassfurt,  by  decomposing  a  solution  of  the 
mineral  with  hydrochloric  acid; 

Mga„2Mg)B»0,t  +  12HC1  +  18H^  —  7Mga,  +  16H*B0.. 

The  borie  acid  is  dissolved  in  boiling  water,  and  sodium  carbon- 
ate is  added:  4H,B0,  -|-  Na^O»  —  NftiB^O,  +  6HtO  +  COt.  In 
California  it  is  made  from  colemanite  by  interaction  with  sodium 
carbonate. 

Since  boric  acid  is  a  feeble  acid,  Ixirax  is  hydrolyzed  by  wat«r, 
and  the  solution  has  a  marked  alkaline  reaction  (</.  p.  271).  In 
a  O.IN  solution  (25°),  0.5  per  cent  is  hydrolyzed. 
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When  heat«d  with  oxidea  of  metals,  Bodium  tetraborate  behaves 
like  sodium  metaphosphate  {(f.  p.  371),  and  is  uiied  in  the  fonn  of 
bomds  in  analysis.  If  its  formula  be  written  2NaBOT,BtOt  {t^.  p. 
3fi9)  it  will  be  seen  that  a  considerable  excess  of  the  acid  anhydride 
in  contained  in  it,  and  that,  therefore,  a  mixed  metaborutc  may  be 
formed  by  union  with  some  basic  oxide.  Tbiu;,  with  a  trace  of 
cupric  oxide,  the  bead  is  tinned  with  blue,  from  the  presence  of 
a  compoun<i  like  2NaBO,,Cu(BOs),.  In  welding  iron,  borax  is 
scattered  on  the  parts,  and  combines  with  the  oxidu  to  form  a 
fusible  mixed  borate,  wliicli  is  forced  out  by  the  proseuru.  Borax 
is  also  mixed  with  glass  in  making  enamels  for  cooking  uteuuls. 


Exerciaea. —  1,  Compare  and  contrast  the  clement*  carboD 
and  eilicoii,  and  their  corresponding  compounds. 

2.  VDiat  would  be  the  interaction  between  aqueous  aolutioiiM  of 
an  ammuiiium  salt  and  of  soiiiuiii  orthosilioato  (cf,  p.  429)?  Why 
is  ammonium  silicate  compktely  bydrulyzvd  by  water? 


CHAPTER  XXXin 

THE  BASE-FORHINQ  ELnRNTS 

Ix  the  preaeiit  chftpter  a  preliminar>-  view  of  the  chemistry  of 
the  metallic  elements  ia  giveii. 

Phyxteat  Properties  of  the  .VelalM.  —  Metals  show  what  ia 
commonly  called  a  metallic  liut«r,  but,  as  a  rule,  they  do  ho  only 
when  in  compact  form.  Magnesium  and  aluminium  exhibit  it 
when  powdered,  but  in  this  condition  most  metfds  are  blaok. 

The  metals  can  all  be  obtained  in  erjstAlliBod  form,  when  a 
fused  mass  is  allowed  to  cool  slowly  and  the  unsolidified  portion 
is  ponred  off.  In  almost  all  cases  the  crystals  belong  to  the  regu- 
lar system. 

The  metals  vary  in  Bpeetflo  cnvltr  from  lithium,  which  in  little 
more  than  half  as  hea%'y  as  water  {sp.  gr.  O.-W),  to  osmium,  whose 
specific  gravity  is  22.5.  Those  which  have  a  specific  gravity  less 
than  5,  namely,  potassium,  sodium,  calcium,  magnesium,  alumin- 
ium, and  barium,  are  called  the  Ushc  loetata,  and  the  others  the 
hsft*7  metals. 

Most  metals  are  m*Ueable,  and  can  be  beaten  into  thin  sheets 
without  loss  of  continuity.  Tboae  which  are  allied  to  the  non- 
metals,  however,  such  as  arsenic,  antimony,  and  bismuth,  are 
brittle.  The  order  of  tho  elements  in  respect  to  this  property, 
beginning  with  the  most  umlleublc,  ia:  Au,  Ag,  Cu,  Sn,  Pt,  Pb,  Zn, 
Fe,  Ni. 

The  tenadtj  of  the  metals  places  them  in  an  order  different  from 
the  above.  It  is  measured  by  the  number  of  kilograms  which  a 
piece  of  the  metal  1  sq.  mm.  in  section  can  sustain  without  break- 
ing. Tlie  values  are  as  follows:  Fe  62,  Cu  42,  Pt  34,  Ag  29,  Au  27, 
AI  20,  Zn  5,  Pb  2. 

The  bardneu  is  measured  by  the  etLse  with  which  the  material 
may  be  scratched  by  a  sharp,  bard  instrument.  Potassium  is  as 
soft  as  wax,  while  chromium  is  hard  enough  to  cut  glass  {Ap- 
pendix II). 
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The  t«mp«ratur«  at  whivli  the  luetol  fuiM  has  an  important 
bcAriiig  on  lU  [iiatiufuctun;.  Most  of  the  following  mvltiiic-poiuta 
arc  only  appruxinutc; 


Mercury 
Fotitsgiiun 
Sodium  . 
Tib  .  ,  . 
Bismuth  . 
Cudmium 


62' 

232' 
271' 
321* 
327" 


Zinc    .    .    . 

Aiilimony 

Mngnrsium 

Aluminiijm 

(rt)id  -  .  . 

Copper  ,   . 


119° 
630' 
651' 
659' 
WJO° 
1063* 
1083* 


CmI  iron 
MansADMC 
Nkkfl  .  . 
Chiomiitm 
Iron  (pure) 
I'lutioum  , 
TunpMn  . 


ItSO' 

ia«o' 

1462* 
1520' 
1630' 
1766" 
3267* 


It  will  be  seen  ttmt  mcTcury  is  a  liquid,  tliAt  potitssium  and 
sodium  m«It  below  the  boiling-jxiint  of  wat«f,  and  that  the  metals 
down  to  the  foot  of  the  sccoud  column  can  be  melted  easily  with 
the  Bunsen  flame. 

The  methods  of  manufarture  and  the  trervtment  of  metals  are 
much  influenced  also  by  their  volatllitj.  Tiie  following  are  easily 
distilled:  Mercury,  b.-p.  357';  potassium  and  sodiiim,  b.-p.  about 
700°;  cadmium,  b.-p.  770";  zinc,  b.-p.  920°.  Even  the  most  m- 
volatile  metals  can  Ix;  converted  into  vapor  in  the  electric  arc. 

Ill  many  ciiseit  molten  metals  dissolve  in  one  another,  forming 
alloTK.  Some  alloys  are  simply  solid  solutions.  Sometimes,  as 
in  the  case  of  lead  and  tin,  mixtures  can  lie  formed  in  all  pro- 
portions. Again,  the  solubility  niay  be  limited,  as  iu  the  cfuc  of 
liuc  and  lead,  where  only  1.6  parts  of  the  furmer  dissolve  in  100 
parts  of  the  Utter.  Frequently  chemical  compounds  are  formed. 
The  colors  of  alloys  arc  not  the  average  of  those  of  the  coostitu- 
euts.  Thus,  the  nickel  alloy  used  in  coining  contains  75  per  cent 
of  copjKT  .■iiid  25  per  cent  of  nickel,  yet  it  shows  none  of  the  color 
of  lh(^  former. 

Alloys  in  which  mercury  is  one  of  the  components  are  known 
as  amttlgama  ((ik.  iid\ayim,  a  soft  mass),  an<l  arc  formed  with 
especial  ease  by  the  lighter  metals.  Of  the  common  metals,  iron 
is  the  least  mi.'toible  with  mercury. 

The  Kooil  oooduetlvltT  of  metals  for  elBetrieltjr  difltinguishcs 
them  with  ."jome  degree  of  sharpness  from  the  non-metals.  Tliey 
show  considerable  variation  amongst  themaclvee,  ailver  conducting 
Bijcty  times  as  well  as  mercury.  The  following  table  gives  the 
conductivities  of  the  metals,  expressed  in  terms  of  the  number  of 
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td  one  ohm: 

SilTer,  cut 62 .  89 

Copper,  ciimmercial  .    .  57.40 

Gold,  caxt 46.30 

Alumimum,  commurcial  31.  S2 

Zinc,  rolled 16.95 

BnM 14.17 

To  compare  these  condUGtlritlM  with  those  of  solutiona,  it  mf 
lie  Baid  that  dccinormal  hydrochloric  acid  (p.  240)  haj^  a  oat- 
ductivity  on  the  above  scale  of  0.035,  or  a  thirtieth  of  that  d 
mercury. 

The  worid'i  producUon  (1913)  of  tba  outals  in  metric  t(»u  d 
1000  kilcH).  is  approximately  aa  follows: 


which,  at  15  ,  o 

Nickel,  cast    .    . 
Iroa,  drawn    .    . 
Platiniim     ,    ,    , 

■garanwi^M 

.    .    .  7.SI 
.    .    .  7.» 
.    .   .  fi.7-S.< 
...  5  41 

.    .    .  4  5S 

Mercury .... 

.    .    .   l.OM 

Copper  1,000,000 

Zinc  1,000,(K» 

Lewi  1,000,000 

Tin  120,000 

Aluminium  79,000 


Chromium  50,000 
Nickel  32,000 
aUver  7,800 

Tungsten  4,800 
Mercury       3,000 


Gold  680 

Binmuth  fiOO 
Cadmium  £0 
Platinum      9 


Gmeral  Chemical  RelatUins  of  the  Metallic  ElemmntM. — 

Since  most  of  the  compounds  of  the  metals  are  ionogens,  thor 
sulutionfl,  except  when  the  metal  is  a  part  of  a  compound  ion,  sH 
contain  the  metal  in  the  ionic  state,  and  the  resulting  substanceB, 
such  OS  potassium-ion  and  cupric-ion,  have  constant  properties, 
irrcapective  of  the  nature  of  the  negative  ion  with  which  they  may 
be  mixed.  The  properties  of  the  ions,  simple  and  compound,  an 
much  used  in  making  tests  in  analytical  chemistry.  On  the  other 
hand,  the  chemical  properties  of  the  oxides  and  of  the  salts  in  the 
dry  etate  are  of  importance  in  connection  with  metallurgy. 

There  are  thr<«  obomlcal  propertlei  which  are  charactorlstls  ol 
th«  m«t4lllc  alemsnti.  The  first  two  of  them  have  already  been 
discussed  somewhat  fully. 

1.  The  metals  arc  able  by  themselves  to  form  poaitive  radicals 
of  salts,  and  therefore  to  exbt  alone  as  [xisitive  ions  (pp.  246,  296). 

2.  The  oxides  and  hydroxides  of  the  metals  are  basic  (pp. 
94,296). 

3.  Each  typiaU  metal  has  at  least  one  halogen  compound  which 
is  little,  if  at  all,  hydrolyzed  by  water  (p.  296).  The  same  thing 
IB  true  of  nitrates  and  other  salts  involving  active  acids. 
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In  reference  to  the  third  characteristic,  the  noa-bTdrolytla  ot 
h&lldss  of  typical  inatala,  u  word  of  explanation  is  n.-quircd.     Actin 
;    buM(hydruxidoeof  typic-uliiiotals),  such tu sodium  hydroudv,  give, 
I     nltli  faeble  acids,  such  as  HS  (p.  271).  HiPOt  (p.  370),  HtCOi 
.     (p.  38.1),  HiSiO,  (p,  128),  and  H,BOj  (p.  132),  salt*  whose  solutions 
nre  alkaline  to  rawtion.     This  is  duu  to  hydrolysis.     Bui  acttn 
buM  give,  nitli  actira actda,  such  us  HCl  nud  HXOi,  suits  whoso  I 
solutions  arc  nautral  in  nution.     Tliis  is  th«  fnct  exprvs-wd  in  Ihe 
third  chamctcri.ttir  of  thi-  niL^luUic  dements.     The  l«sa  activ*  baiM, 
being  hydroxides  of  less  active    metallic  clemeuts,  give,  with 
active  (k\iU,  salts  whose  solutions  are  not  neutral,  but  add  ia 
roMtion.     Thus  cupric  chloride  solution  u*  feebly  acid.     TliU  is 
because  there  is  a  tendency  for  the  ions  of  the  water  to  form  the 
slightly  dissociated  molecules  of  the  base: 

Cu^  +  20H'  +  2H+  -*  Cu(OH),  +  211*.  \ 

Finally,  a  salt  derived  from  a  base  &nd  an  acid,  both  of  which  are 
WMk,  is  also  hydrotyxod.  If  the  resulting  base  or  acid  is  insoluble, 
the  hydrolysis  may  go  to  completion.  Aluminium  carlKmntc  and 
aminotiiuiii  silicate  (p.  429)  nre  examples  of  salts  wluch,  for  this 
reason,  arc  completely  hydrulyzed.  The  rcsultiug  mixture  may 
have  an  acid  or  a  basic  reaction,  if  the  acid  or  the  base  ia  sufficiently 
soluble  and  sufficiently  active.  Thus,  ammonium  sulphide  (XHt)^ 
solution  is  alkaline. 

Aside  from  these  points,  many  features  in  the  behavior  of 
metals  and  their  compounds  are  summed  up  in  the  electromotive 
aeries  (p.  260) ,  Before  proceeding  farther,  the  reader  should  re- 
read all  the  pages  referred  to  above.  lie  should  also  ref-xamine 
the  ■various  kinds  of  chemical  changes  discussed  on  pp.  166,  197, 
251  d  aeq.  and  particularly  the  varieties  of  ionic  chemical  change 
on  p.  259. 

^  Oeeurnmce  <tf  the  MeUtU  in  Nature.  — The  minerals  from 
which  metals  are  extracted  are  known  as  ore*.  They  present  a 
comparatively  small  number  of  tlifTerent  kinds  of  compounds.^ 
Most  of  the  metals  are  found  in  more  than  one  of  those  forms,  so 
that  in  the  following  statement  the  same  metal  frequently  oceure 
more  tliau  ouee. 
When  the  metal  occurs  free  iu  nature,  it  is  said  to  be  natln. 
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Thus  VK  have  gold,  Bilver,  metals  of  the  platmiim  group,  copper, 
mercury,  bismuth,  antunony,  and  arsonic  occurriug  native 
p.  60). 

The  met&Li  whose  ozid«s  aro  important  minerals  arc  iron,  man- 
ganese, tin,  zinc,  ouppcT.  anti  aluminium.  The  metals  arc  ob- 
tained eominerciiilly  from  the  oxidiv  in  oiioh  of  thotc  cases. 

The  metals  whate  tulphidM  arc  u-seil  a»  ores  are  iron,  nickel, 
cobalt,  antimony,  leml,  cadmium,  ^inc,  copper,  and  mercury.  ^ 

tVoni  the  carbosates  we  obtain  iron,  lead,  xinc,  and  coppcr.-^l 
Several  other  metnb),  Ruch  as  manganese,  magnesium,  barium, 
8trontitini,  and  calcium  occur  in  larger  or  smaller  quantiticri  in  tba^ 
same  form  of  combination.  ^ 

The  metale  which  occur  as  sulphatas  are  those  whose  sulphates 
are  not   freely  soluble,   namely,   load,   barium,   strontium,   tmd, 
calcium. 

Compounds  of  metals  with  the  lialoK«na  are  not  so  numerous.J 
8ilve-r  chloride  furnislies  a  limited  amount  of  silver.     Sodium 
potassium  chlorides  are  foimd  in  the  salt-beds. 

The  natural   sHicaUs  are  VPTy  numerous,   but  few  are 
for  the  jireparation  of  the  metals.     Many  are  employe*!  for  other 
commercial  purposes,  kaolin  (p.  430)  beinjc  a  conspicuous  e-xample. 

Methods  of  Extmrtinn  from  ihf  Oreit.  —  The  art  of  extract'! 
ing  nicliils  from  their  ores  i-n  called  metaUursr-     Where  the  metal<| 
is  lutlvs,  the  i)roce.'4i*  is  wimple,  since  nif-lt-iriK  away  from  the  matrii 
(p.  26-1)  is  all  tliat  is  required.     Frequently  a  fiux  is  added.    A  fli 
usually  is  a  substance  which  interacts  with  infusible  materie 
to  give  fusible  ones.     It  comhincit  with  the  nuttrix,  giving  a  fusiblol 
■Ug  (reaembling  glass).     Since  the  slag  is  a  melted  salt,  ustially| 
a  silicate,  and  does  not  mix  at  all  with  the  molten  metal,  scpara 
tion  of  the  products  is  easily  effected.     When  the  ore  it;  a 
pound,  the  metal  has  to  be  liberated  by  our  furnishing  a  mntGrial] 
capable  of  combining  with  the  other  constituent.     The  details  o(i 
the  process  depend  on  various  circumstances.     Thus  the  votattldl 
metals,  like  Jtinc  and  mercury,  are  driven  o0  in  the  form  of  vapor,] 
and  secured  by  condensation.     The  involatUc  metals,  like  copper] 
and  iron,  run  to  the  bottom  of  the  furnace  and  arc  tapped  off. 

Where  the  ore  is  an  oxide  it  ia  usually  reduced  by  heating  withj 
carbon  in  some  form.    This  holds  for  the  oxides  of  iron  and  co|>-] 
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per.  Some  oxidefi  are  not  reducible  by  carbon  in  an  ordinary 
furna«e.  Such  are  the  nxiden  of  calcium,  Htrontium,  barium,  mng- 
nesium,  alumiiiiura,  and  the  members  of  the  rhroTiiiuni  group. 
At  the  temperature  of  the  electric  furna<»  even  these  may  be  re- 
duced, but  the  cijrbidcs  arc  formed  under  such  c-ircunwlanfes,  aiui 
the  mctab)  arc  more  easily  obtained  otherwise.  Reci'iilly,  heat- 
ing the  pulverized  oxide  with  finely  powdered  ulumiuium  has  come 
into  use,  particularly  for  operations  on  a,  kuikII  scale.  Iron  oxide 
]»  easily  rc^luced  by  this  means,  and  even  the  metals  maugnne»*e 
and  chromium  may  be  liberiited  from  their  oxides  quite  readily 
by  this  action.  On  account  of  the  great  amounts  of  heat  liberated, 
this  procedure  has  received  the  name  altuninotluniiy  iq.v.). 

When  the  ore  is  a  carbonatt,  it  is  first  heated  strongly  to  drive  out 
the  carbon  dioxide  (c/.  p.  381):  FeCOi=s  FeO  +  COit,  and  then 
the  oxide  is  treated  according  to  one  of  the  above  mentioned 
Dielhods.  When  the  ore  is  n  lulphldo,  it  has  to  })e  cak-ined  (p. 
27^),  in  onler  to  remove  the  sulphur,  iind  the  resulting  oxide  is 
then  reduced. 

Chlorldu  and  Suoridss  of  the  metals  can  be  decomposed  by 
iK-atinj:  with  metallic  sodium.  Tliis  method  wtus  formerly  em- 
ployed in  the  making  of  magnesium  and  aluminium. 

The  metals  which  are  not  readily  seeured  in  any  of  the  above 
ways  can  l)e  obtained  ejwily  by  fUctnlTsU  of  the  fuiwd  chloride 
or  of  some  other  compound.  Aluminium  i.'*  now  manufactured 
entirely  by  the  eleotrolyab  of  a  solution  of  aluminium  oxide  in 
molten  cryolite. 


Compoundn  of  the   %t«taln:     Oxtdrs  and  Hydroxides. — 

The  oxides  nitiy  be  made  by  direct  burning  of  the  metal,  by  heating 
the  nitrates  {cf.  p.  351),  the  carbonateH  (r/.  p.  :181),  or  the  hydrox- 
idee:  Ca(OH)»  ja CaO  +  H,Or.  They  are  practically  insoluble 
in  water,  although  the  oxides  of  the  metals  of  the  alkalies  and  of 
the  metals  of  the  alkaline  earths  interact  with  water  rapidly  to 
give  the  hydroxidea.  Oxides  are  usually  stable.  Those  of  gold, 
platinum,  mercury,  and  silver  decompose  when  heated,  yet  with 
increasing  difficulty  in  this  order.  The  metals,  like  the  non- 
metals,  frequently  give  several  different  oxides.  Those  of  the 
univalent  metals  (having  the  fomi  KiO),  if  we  leave  cuprous 
oxide  and  auroua  oxide  out  of  account,  have  the  most  strongly 
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bMJe  qualities.  Thoae  of  the  bivalent  metals  of  tbc  form  MgO, 
when  this  i»  the  only  oxide  which  they  fumiiih,  arc  iMUc-formius. 
Th<Me  of  Che  trivalent  metal»  of  the  form  AiiOi,  known  as  ms- 
qaUnldM  (l.at.  secfut'-,  cute^talf  nioi«),  aj«  the  least  bauuc  of  the 
baac  oxidea.  The  oxides  of  the  forma  Sn(),,  SbiO*,  CrOj,  aod 
MotO;,  in  which  the  metaU  have  valences  front  4  to  7,  are  mainly 
acid^orroing  oxides,  although  the  aame  elementa  usually  ha\-e 
other  lower  oxidea,  which  are  basic.  ^J 

'Ilie  hjdroxldes  are  formed,  in  the  casea  (^  the  metal?  of  th^Q 
alkalies  and  alkaline  earths,  by  direct  union  of  water  with  the 
oocides.  They  arv  produced  also  by  double  decomposition  when 
a  soluble  hydroxide  acts  upoo  a  salt  (</.  p.  252).  All  hydroxides, 
except  ihtxsc  of  the  alkiili  mutujs,  lose  the  elements  of  water  when 
heated,  and  th«  oxide  n-inaiud.  In  souk-  ctuk-s  the  1o«b  takes  place 
by  stages,  just  w  was  the  case  with  orthophoei^oric  acid  (p.  36S). 
Thus  kwd  hydroxide  Pb(OH)i  (?,p.)  fii«t  gjvwt  the  hydroxide 
Pb^(OH)i,  then  Pb,Oi(OH),.  and  then  the  o:ddc  PbO.  The 
hydroxides  of  mercury  and  silver,  if  they  arc  fornwjd  at  all,  are 
evidently-  unstable,  for,  wheji  tether  material  h  dried,  it  is  found 
to  contain  nothiiif;  but  the  correspondinji  oxide.  The  hydroxides, 
with  the  exception  of  those  of  the  metaU  of  the  alkalies  and 
alkaline  earths,  are  all  little  soluye  in  water.  ^ 

Compounds  of  the  Metahs  Salts.  —  It  may  be  said,  ia" 
general,  that  each  metal  may  form  a  salt  by  comlHnation  with 
each  one  of  the  acid  radicals.  In  the  succeeding  chapters  wv  shall 
describe  only  those  salts  which  are  manufactured  commercially,  or 
are  of  special  interest  for  some  other  reason.  The  various  salta 
will  be  described  under  each  metal.  Here,  however,  a  few  re- 
marks may  lie  made  about  tbc  characteristics  of  the  more  ccmut 
mon  groups  of  salts. 

The  chlorldM  muy  bo  made  by  the  direct  union  of  chlorine  wit 
the  metal  {cf.  p.  160),  or  by  the  combined  action  uf  carbon  an^ 
chlorine  upon  the  oxide  {cf.  p.  426).     The  ItLtter  method  is 
in  making  chromium  chloride.    The  general  methods  for 
any  salt  (p.  140),  such  as  the  interaction  uf  a  metal  with  an  acic 
or  of  the  oxide,  hydroxide,  or  another  salt  with  an  acid,  or  tt 
double  decomposition  of  two  salts,  reiay  be  used  also  for  makii: 
chlorides.    The  chlorides  are  for  the  most  part  soluble  in  waterJ 
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Silver  chloride,  mercuroiis  chloride,  aud  cuprous  chloride  are  al- 
most insoluble,  however,  and  lead  chloride  is  (lol  very  soluble. 
Most  of  the  chlorides  of  metals  diasolve  withotit  decomposition, 
but  hydrolysis  is  conspicuous  in  the  case  of  the  chlorides  of  the 
trivalent  metals,  surh  as  aluminium  chloride  and  ferric  chloride 
(</.  p.  437).  The  chlorides  of  some  of  the  bivalent  metals  are 
hydrolyzed  also,  but,  as  a  rule,  only  when  they  are  heated  with 
H'ater.  This  is  the  case  with  the  chlorides  of  mafpie^iun),  calaum, 
and  zinc.  Most  of  the  chlorideH  are  stable  when  heated,  but  those 
of  the  noble  motals,  particularly  gold  and  platinum,  are  de- 
composed, and  chlorine  escapes.  The  chlorides  are  usually  the 
most  volatile  of  the  salts  of  a  given  metal,  and  so  are  preferred  for 
the  production  of  the  spectrum  of  the  metal.  Some  metals,  for  ex- 
ample iron,  form  two  or  more  different  chlorides,  indium  gives 
InCI,  Inf 'li,  and  InCV 

The  aalphldw  are  formed  by  the  direct  imton  of  the  metal  with 
sulphur,  or  by  the  action  of  hydrogen  sulphide  or  of  some  soluble 
sulphide  upcHi  u  solution  of  »  suit  (rf.  p.  273).  In  one  or  two  cases 
(hey  arc  made  by  the  recfuction  of  the  sulphate  with  carbon.  The 
sulphides,  uxccpt  those  of  the  alkali  ntc^Als,  arc  but  little  soluble 
in  water.  The  sulphides  of  aluminium  and  chromium  arc  fay- 
drolyzcd  cotnpletoly  by  water,  g^vmg  the  hydroxides,  and  thoM 
of  the  mctuts  of  the  alkaline  earths  arc  partially  h^drolj-zcd  (<^. 
p.  273). 

The  ovbidM  are  u»u»I1y  formed  in  the  elcctrio  funue  by  inttr- 
aclion  uf  an  uxidi-  with  carbon  (<•/.  p.  379).  Sonw  of  (beta  are 
decomposed  by  contact  with  wat«r,  after  the  manner  of  calcium 
carbide,  giving  a  hydroxide  and  a  hydrocarbon.  Of  this  class  arc 
lithium  carbide  I.ijC^,  barium  and  strontium  carbides  BaC^  and 
SrCj,  aluminium  carbide  Al»Ci,  manganese  carbide  MnC,  and  the 
carbides  of  potassium  and  glucinum.  Others,  such  as  those  of 
molybdenum  MoiC  and  chromium  CrjCi,  are  not  affected  by 
water. 

The  nltratM  may  be  made  by  any  of  the  methods  used  for 
preparing  salts.     They  are  aU  at  least  fairly  soluble  in  water. 

The  tulpbatw  are  ntade  by  the  methods  used  for  making  salts, 
and  in  some  cases  by  the  oxidation  of  sulphides.  They  are  all 
soluble  in  water,  with  the  exception  of  those  of  lead,  barium,  and 
strontium.    Calcium  sulphate  is  mcagerly  soluble. 


L 


443 


COLI^GE   CHElaiSTBT 


J 


The  GUboQfttea  aiv.  prepared  by  the  methods  uaed  for  making 
gattfl.  Th«y  are  all  insoluble  in  water,  with  the  exception  of  those 
of  Hodiiim  and  potassium.  The  hydroxides  of  aluminium  and  tin 
are  so  feebly  basic  that  tbe>'  do  not  form  stable  carbooatea  i^. 
pp.  429,  437). 

Thp  pbosphatw  and  ilUeatM  are  prepared  by  the  methods 
tn  making  siilts.     The  former  tire  obtauied  also  by  special 
already  described  (p.  371).    With  the  exception  of  the  salts  of 
Bodium  and  pottieeiuiii,  all  tlx:  sa\ts  of  both  these  classes  are 
insoluble. 

For  the  vxact  ■olubilIti«t  of  a  large  number  of  bwes  and  s«Ita 
at  18",  see  the  T&blo  lti>id«  tb*  eom,  At  the  front  of  this  book. 
SolublUUM  at  all  t«mp«rmturM  are  shown  in  the  dlafrua,  Fig.  58, 
p.  131. 


Exercuttv.  —  1.  What  do  we  menn  by  8a)'ing  that  an  oxide  is 
strongly  or  (oebly  bawe,  or  that  it  is  aeidio? 

2.  What  i»  meant  by  the  same  terms  when  applied  to  an 
hydroxide? 

3.  Compare  the  molar  solubilities  at  18*,  (<i)  of  the  halides  of 
sSvcr,  and  (6)  of  the  carbonates  and  (e)  oxalates  of  the  metals  of 
tlte  nlkftliiio  c&rths,  noting  the  relation  between  solubility  and 
atouiie  ufight. 

4.  What  19  the  molar  ooneentnitioQ  of  chloride-ion  in  satur«t«d 
K>lution.<)  nf  silver  chloride  and  lead  chloride  at  18°,a0unuDg  com- 
plete ionizatioa  in  these  very  dilute  soIutioDs? 


CHAPTER  XXXIV 

THE  METALLIC  lUBnifTS  OF  THE  ALKALIES: 
POTASSIUM  AMD  AUUOHIUU 

Tkz  metals  of  this  family,  with  their  ntomic  weights,  are: 


Lithimn,  Li (i.9 

Sodium,  \u  <G<!r.  naiHum)      .    23.0 
Votnaium.K  (Get.Jcaliuni)     .    39-1 


Ruliidium,  Rb 8SJi 

Ccodum,  Oi        1318 


The  Chemical  Relationn  of  the  Metallic  Elementa  of  the 
Alkalie».  —  The  metals  whirh  are  L-hptni<.-ully  most  active  are 
incluclvd  ill  thix  group,  an<l  the  activity  increases  with  rising  utoinic 
weight,  cwaiuin  being  the  most  active  positive  element  of  all.  A 
freshly  cut  surface  of  any  of  these  metals  tarnishes  by  oxidation  as 
soon  us  it  is  exposed  to  the  air.  All  of  these  metals  decompose 
water  violently  (cf.  p.  60),  libcrfitiug  hydrogen.  The  hydroxides 
which  are  formeil  by  this  action  arc  exceedingly  active  btises,  that 
is  to  say,  they  jpve  a  relatively  large  concentration  of  hydroxide-ion 
in  solutions  of  a  iiiven  molecular  coDceDtralion  (p.  2-iZ)-  Id  the 
dry  form  these  hydroxides  ore  not  decomposed  by  heating,  while 
the  hydroxides  of  all  other  metals  lose  water  more  or  less  easily. 
In  all  their  compounds  the  metals  of  the  alkalies  are  univalent. 

Tlie  compounds  of  ammonium  are  discussed  in  comiection  with 
those  of  pota-ssium,  to  which  they  present  the  greatest  resemblance. 

The  solubilities  are  often  decisive  factors  iu  coonoction  with  the 
preparation  and  iLse  of  salts.  The  reader  will  find  most  of  these  in 
the  table  on  the  inside  of  the  cover,  at  the  front  of  this  book,  or  in 
the  diagram  on  p.  131,  and,  as  a  rule,  the  values  will  not  be  re- 
peated in  the  descriptive  paragraphfl. 

Potassium  K 

Occurrence.  —  Silicates  containing  potassium,  such  as  felspar 
and  mica  (p.  4S0),  are  constant  constituents  of  volcanic  rooks. 
These  minerals  are  not  used  commerciallv  as  sources  of  potassium 
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compounds.  The  sail  cii'po«f*t  (sw;  below)  contain  potaoaiuni 
chloride,  alone  (syK'itc)  iind  in  combination  with  other  saita,  aad 
roost  of  the  compounds  of  potjuwium  arc  manufactured  from  this 
material.  Part  of  our  ixttEUssiuia  nitrate,  however,  is  purified 
Bengal  saltpeter  (p.  347).  Potassium  sulphatv  ot^cura  also  in  1i»  \ 
salt  layers. 

Preparation.  —  Potai<8ium  wns  first  made  by  Du\y  (1807)  by 
bringing  (he  wires  from  a  Imttery  in  contact  with  a  piece  of  moint 
potassium  hydroxide.  Olol>ule,s  of  the  metal  appeared  at  the 
negative  wire.  Electrolytic  procesaes  have  now  come  bock  into 
use,  commerrJally,  molten  potassium  ohloride  l>eing  the  substsnoe 
decomposed.  Castner's  reduction  proccaa  involves  the  beating  of 
pottt^um  hydroxide  with  a  sjiouc  mass  of  carbide  of  iron  (CFe»). 
The  potaasium  pa8ses  off  as  vapor,  and  ia  condenaod: 
6K0H  +  2C  -.  2K,C0)  +  3H,  +  2K. 

Physical  and  Chemical  Properties.  —  Potassium  is  a  silver^ 
white  metal  (m.-p.  62°).     It  boils  at  720°,  ^vingagrcen  vapor. 

The  density  of  the  vapor  shows  the  molecular  weight  of  potaa- 
sium  to  be  about  40,  so  that  the  vapor  is  a  mouatornic  gas.  The 
element  unites  violently  with  the  haloiiens,  sulphur,  and  oxygen. 
In  consequence  of  the  latter  fact  it  is  usually  kept  under  petroleum, 
an  oil  which  neither  contiuns  oxygen  itself,  nor  dissolves  a  sufficient 
amount  of  moisture  from  the  air  to  permit  much  oxidation  of  the 
potaK>ium  to  take  place.  A  whit#,  crj-stallinc  hydride  KIl  ia 
formed  when  hydrogen  is  passi?d  over  potassium  lieuted  to  360°. 
When  thrown  into  water  it  pves  potassium  hydroxide,  and  the 
hydrogen  is  liberated. 

Potaaaiiim  Chlortdt^  KCl.  —  Sea-water  and  the  waten  of  salt 
lake,**  contain  a  rtrlatively  small  proportion  of  potasaum  com- 
pounds. During  the  evaporation  of  such  waters,  however,  the 
potassium  compoimda  tend  to  accumulate  in  the  mother-liquor 
while  sodium  rhloride  is  being  deposited  on  the  lx)ttom.  Hence 
the  upper  layers  of  salt  deposits  are  the  richest  in  compounds  of 
potassium.  Thus,  at  Staesfurt,  near  MagdehurK.  there  b  a  thiek- 
nesa  of  more  than  a  thousan<l  meters  of  common  salt,  .\bove  this 
are  2.5-30  meters  of  salt  layers  in  which  the  potassium  salts  are 
(jhieSy  found. 
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The  chief  forms  in  which  potassium  chloride  ia  found  in  the  salt 
beds  are  sylvite  KCl  and  carnallito  KCI.MgClj.SHjO.  Tbe  latter 
salt  is  heated  with  a  small  amount  of  water,  or  with  a  mother- 
liquor  obtained  from  a  previous  operation  and  containing  sodium 
and  magnesium  chlorides.  From  the  clear  liquid,  when  it  cools, 
potassium  chloride  is  deposited  first  and  then  carnalUte.  The 
former  is  taken  out  and  purified,  and  the  latter  goea  through  the 
process  again.  This  potassium  chloride  is  the  source  from  which 
our  other  potassium  compounds  are  made.  It  is  also  our  chief 
potassium-bearing  fertilizer.  It  is  a  white  sulistancc  crystallizing 
in  cubes,  melting  at  about  750°,  and  slightly  volatile  at  high  t«nt- 
pCTfttures. 

Recently,  the  giant  kelpn  of  the  Paoifio  coast  have  been  uned  08 
a  source  of  potassium  chloride.  The  dried  seaweed  contains  9  per 
cent  of  this  salt  and  about  0.1  per  cent  of  iodine. 

The  Other  Ualidea  t/  Potaasium.  —  When  iodine  ja  heatod 
in  a  strong  solution  of  potaasiuni  hydroxide,  potassium  lodate  and 
potaulum  Iodid«  are  both  formed  (p.  318): 

6K0H  +■  31,  -» SKI  +  KIO*  +  3H,0. 

The  dr>-  residue  from  evaporation  is  heated  with  powdered  cart 
to  reduce  the  iodate,  an<l  all  tho  iodide  cjtn  then  be  purified  by 
recr>'staUization.  The  salt  forms  large,  somewhat  opaque  cub« 
(m.-p.  623").  It  is  used  in  medicine  and  for  precipitating  silver 
iodide  Agl  in  photography  {g.v.). 

The  aqueous  solution  takes  up  free  iodine,  forming  KIj,  in 
equilibrium  with  dissolved  iodine:  Ij~j=f  I"  +  I,  (dslvd).  It  ia 
used  in  testing  for  starc-b,  and  in  reactions  in  which  a  solutJtni  of  free 
iodine  is  n-quired. 

Potuslum  bromida  KBr  may  be  made  in  the  same  way  an 
the  iodide.  It  crystallizes  in  cubes.  It  is  used  in  medicme  and 
for  precipitating  silver  bromide  in  making  photographic  plat«a 

(q.V.). 

The  fluorld*  of  potaulom  KjFi  may  be  obtained  by  treatini*  the 
carbonate  or  hydroxide  with  hydrofluoric  add.  It  is  a  deliquea- 
oent,  white  salt.  When  treated  with  an  equimolecular  quantity 
of  hydrofluorif  acid  it  forma  potaMium-hydrogvn  fluorid*  KHFt,  a 
wbite  salt  which  is  also  very  iioluble. 


446 


COLLEGK   CHBMI8TRY 


J 


Potaxsium  Uydroxidn  KOH.  —  Thia  compound,  known  alao 
as  caustic  potuh,  arul  coll w«iui ally  as  pot:i6sium  hyiimtc,  was 
formerly  nmde  entirely  by  boiling  potmudum  ciu-bonate  with  cal- 
cium  hydroxide  suspended  in  water  (luOk  of  lime): 


CftCOH).(Bolid)  t«Cft(0n),(<i8l»ci)  rs  SOH^+Ca*^  ( 
K,Co.p=2K++C0,=    (' 


»CaC<)i(dBlv.i)rsCBCO« 
(solid). 


The  operation  is  conducted  in  iron  vessels,  because  poret'laio,  being 
composed  of  silicatf^,  interacts  witli  solutrous  of  bases.  On 
accoimt  of  the  verj'  limited  solubility  of  the  euleium  hydroxide 
{0.l7g.  in  lOOg.  Aq),  the  water  takr>s  up  fresii  portions  into  solution 
only  when  the  part,  diaaolved  has  alreadj-  undergone  chemical 
change.  The  calcium  carbonate  which  is  precipitated  in,  howe\'er, 
still  more  insoluble  (0.0013  g.  in  100  g.  Aq),  and  hence  the  action 
goes  forward,  .\fter  the  precipitate  has  settleii,  the  fx>tussium 
hydroxide  ia  obtained  by  evaporation  of  the  clear  liquid)  K*  -^- 
OH"  ->  KOH. 

Potai<«ium   hydrmtide   is  now  manufactuivfl  by  eleetrolytic 
processes.     When  a  solutiop  of  potassium  chloride  is  electrolyzed. 


chlorine  is  liberated  at  the  anode,  and  hydrogen  and  potassium 
hydroxide  at  the  cathode  (p.  228).  The,se  two  sets  of  products 
must  be  kept  apart,  smce  by  their  interaction  potassium  hypo- 
chlorite and  potassium  chloride  would  be  formed  (rj.  p.  306),  In 
the  Castocr-KcUncr  apparatus  (Fig.  1 12),  which  serves  for  making 
rather  potassium  or  sodium  hydroxide,  the  two  end  compartments 
are  filled  with  potassium  chloride  solution  (or  brine)  and  contain 
the  graphite  anodes.  The  central  compartment  contains  pota»- 
Kum  hydroxide  solution  and  the  iron  cathode.    The  positive 
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H  current  enters  by  tho  anodes,  und  the  chlorine  is  therefore  at- 
H  tmctcd  to  and  libenited  upon  the  graphite:  2Ci~  +  2®  —•€!». 
^     After  rising  through  the  liquid,  it  ia  collected  for  the  manufacture 

»of  liiiucfied  chlorine  or  of  bleaching  powder.  The  ions  of  |iotiu«nua) 
(or  of  sodium)  arc  dischiirgi-d  u[x>n  a  layer  of  mercury  which  cover* 
the  whole  floor  of  the  box,  and  the  free  metal  dissolves  in  the  mer- 
cury, forming  an  amalgam  (p.  435).  The  layer  of  mercury  extends 
beneath  the  partitions,  and  a  slight  rocking  motion  given  to  the 
I  cell  causes  the  amalgam  to  flow  Iwlow  the  partition  into  the  central 

H  compartment.  Here  the  potassium  leaves  the  mercury  in  the 
^^  form  of  potassium-ion  and  is  attracted  by  the  cathode.  Upon 
this,  hy<iroKen  from  the  water  is  discharged,  and  the  rfiiidual 
hydroxide-ion,  togethej  with  the  metal-ion,  constitute  potaflsium 
or  sodium  hydroxide : 

2K+  +  2H+  +  20fr  +  29  — 2K*  +  20ir  +  H.. 

A  slow  influx  of  salt  solution  to  the  end  compartments,  and  ovei^ 
flow  of  the  alkaline  solution  in  the  central  cell,  are  maintained. 
The  overflowing  liquid  contains  20  per  cent  of  the  alkali.  Since 
there  b  no  undefiomposed  chloride  present  in  the  part  of  the  solu- 
tion which  contains  the  hydroxide,  simple  evaporation  to  dryness 
fumisbes  the  solid  alkali.  Other  forms  of  electrolytic  colls,  such  as 
the  Briggs,  and  tbc  Townsend-Baekoland  cells,  arc  also  largely 
in  use. 

Potassium  hydroxide  is  exceedingly  soluble  in  water,  and  conse- 
quently, instead  of  being  crystaUiatcd  from  solution,  the  molteo 
residue  from  evaporation  ia  cast  tn  sticks.  The  hydroxide  is  highly 
deliquescent.  It  also  alworlsi  carbon  dioxide  from  the  air,  gi^'ing 
potaMium  carbonate.  Solutions  of  the  hydroxide  have  an  exceed- 
ingly corrosive  action  upon  the  flesh,  resolving  it  into  a  flUmy 
muss  by  decomposing  the  proteinx.  In  solution,  the  base  is  highly 
ionised,  furni.shing  a  high  concentration  of  hydroxide-ion.  Com- 
mercially, it  Is  chiefly  employed  in  the  making  of  soft  soap. 

PoUuium  Olid*  KiO  may  be  made  by  heating  potassium  nitrate 
with  potassium  in  a  vessel  from  which  lUr  is  excluded:  2KN0i  + 
lOK  — 'SKjO  4-  N».  It  interacts  violently  with  water,  giving  the 
hydroxide.  When  exposed  to  the  air  it  unites  spontaneously 
oxygen,  and  n  yet!o^^■  peroxide  K,0(  ia  formed.  Thesame  | 
is  fonaed  when  pota66iuin  bums  in  air  or  oxygen. 
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Potaagittm  Chlomte  KCIO^,  —  The  prepiiraUon  of  this  salt 
by  intoraction  of  potussium  chloride  with  raloium  chlorutc  has 
already  been  deecribed  (p.  3)3).  It  is  also  nuuie  by  electrolysis  of 
potasmuro  chloride  solution,  the  potiutRium  hydroxide  sod  chlorine 
which  are  liberat«d  being  precisely  the  RUtcrials  nr-quired.  All 
that  is  necpsaarT,'  is  U)  use  it  warm,  ooncentr«tcd  solutioo  and  to 
provide  for  the  mixing  of  th«  materials  i^n«ratcd  at  the  electrodes. 
The  salt  crystalliwa  out  when  the  sohition  cools. 

fotassiuin  chlorate  crjiitailizeH  in  monorliiiic  plat««.  It  melts 
at  about  334°,  and  at  a  temperature  sliffhtly  above  this  the  visible 
liberation  of  oxygen  begins  (c/.  pp.  27,  29).  On  account  of  the 
oue  with  vltich  its  oxygen  is  liberated,  the  salt  is  emjiloyod  in 
making  firen-orks  and  as  a  component  of  the  heads  of  Sw^sh 
matchci!.     It  ii-  also  used  in  medicine. 

Pot«8alum  perchlorat«  KCIO4,  formed  by  the  heating  of  the  chlo- 
rate (p.  31.^),  givoji  white  rrj'stala  belonRing  to  the  rhombic  system. 

By  adding  chlori no-water  to  potassium  carbonate  solution,  a 
mixture  of  the  chloride  and  pot«Btium  hrpoohlorlt*  is  formed: 

HCl  +  HCIO  +  KiCO,  -.  KCl  +  KCIO  +  H,0  +  CO.. 

The  carbonic  acid,  however,  is  not  compk-tcly  dispUced  by  the 
HCIO,  which  is  a  feeble  acid.  Hence,  the  solution  is  used,  under 
the  name  eau  de  Javel  (often  misspelt  Javelle),  in  the  hon^hold  for 
removing  stnins. 

The  mode  of  preparing  potwlum  bromats  KBrOi  and  potauium 
lodau  KID)  has  already  been  descrilied  (p.  318).  Potassium 
iodate  xx>»y  be  maile  also  very  conveniently  by  melting  togethsr 
potasrium  chlorate  and  {lotosdum  iodide  at  a  low  temperature. 
The  iodate  is  much  less  soluble  (see  Table)  than  the  chloride,  and 
the  mixture  may  be  separated  by  crystallization  from  water. 

Pottutium  Nitrate  K-VOg.  —  The  formation  of  this  salt  in 
nature  and  its  mode  of  extraction  and  purification  have  already 
been  deecribed  (p.  347).  This  source  of  supply  proved  insufficient, 
for  the  fiist  time,  during  the  Crimean  war  (1852 -55).  and  a  method 
of  manufacture  from  Chile  saltpeter  (sodium  nitrate),  which  Li  ■ 
much  cheaper  substance,  wns  introduced.  Sodium  nitrate  and 
potassium  chloride  are  heated  with  vtr]/  tittk  water,  and  the  sodium 

toride  produced  by  the  action,  which  is  a  rcvemble  one,  is  by 
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j^ttjftjHlt  soluble  of  the  Tour  salts  (see  DiaRram,  p.  131).  On 
band,  in  the  hot  water,  the  potai^Aiuin  nitrate  m  by  ffu* 
the  most  soluble.  Henoe  the  hot  liquid,  quickly  drained  from  the 
crystal?  through  nanvati,  contaiiu)  the  requiivd  salt,  imd  most  of 
the  Nodium  chloride  is  in  the  form  of  a  precipitate.  If  the  boIu- 
biiity  curve  of  potasfliiim  nitrate  (p.  131)  is  examined,  it  will  be 
seen  that  this  salt  in  but  slightly  soluble  in  cold  water,  and  hent'C 
most  of  it  is  deposited  when  the  .tolution  cools. 
The  crystals  are  mixed  with  little  sodium  chloride, 
for,  as  the  curve  shows,  common  salt  is  little  less 
soluble  at  lO**  than  it  is  at  100°. 

Potassium  nitrate  gives  long  prisms  belonging 
to  the  rhombic  system  (Fig.  113).  It  melts  at 
about  340",  and  when  more  strongly  heated  gives 
off  oxygon,  leaving  potassium  nitrite  (p.  356). 
Although  it  does  not  form  a  hydrate,  the  crys- 
talfl  enclose  small  portions  of  the  mother-liquor, 
and  consequently  contain  both  water  and  im- 
purities. When  heated,  the  cr>'stals  fly  to  pieces 
explosively  (dvcrepttftt*),  on  account  of  the  vapor^ 
ization  of  this  water.  Many  substances  which 
form  large  crystals  and  do  not  melt  at  a  low  temperature,  behave 
in  the  same  way  and  for  the  santc  reason.  In  consequence  of 
this,  thi;  purest  salt  is  made  by  violent  stirring  of  the  solution 
during  the  operation  of  cry8tullixnlion,  the  result  Ix-ing  the  forma- 
tion of  a  crystal-meal. 

Pota«aum  nitrate  i»  used  chiefly  in  the  munufacture  of  fun- 
powdtr,  which  contains  75  per  cent  of  the  highly  purified  salt. 
The  other  cumponeutH  are  10  per  cent  of  sulphur,  14  per  cent  of 
charcoal,  and  nitout  1  per  cent  of  water.  The  ingrcdionts  are 
intimately  niixe<l  iti  the  form  of  paste,  and  the  material  when  dry 
18  broken  up  and  ^lifted,  grains  of  different  sizes  being  u«cd  for 
different  purposes.  The  chemical  action  which  takes  place  when 
gunpowder  is  fired  in  an  open  space  gives  chiefly  potassium  sul- 
phide, carbon  dioxide,  and  nitrogen: 

2KN0i  -H  3C  -I-  S  -.  K3  +  3C0,  -|-  N,. 

The  explosion  occiuring  in  firearms  follows  a  much  more  complex 
course,  and  half  of  the  soUd  product  is  said  to  be  potassium  car* 
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Ixmate  (a  solid,  hence  tbc  smoke).  One  gram  yields  2M  ce. 
(pisefi  (0'  and  760  mrn.),  and  a  much  larger  volume  at  the  tempeT»- 
ture  of  tiic  explosion,  and  gives  660  L-alorifs.  Tbe  piosure,  at  the 
temperature  of  the  explosion,  if  tbc  ga«cft  could  be  confined  within 
tile  volume  ori^nall)'  occupied  by  the  gunpowder,  would  reach 
about  forty-four  tons  per  Miuare  inch.  In  recent  yejire,  except  in 
mining,  common  guiipowdvr  lia.t  l)een  di^ploci^l  largely  by  muA^ 
leu  iMwdcr  (pp.  358,  359),  which,  in  decomposing,  produces  no 
solids. 

Potassium  nitrate  ii*  uaed  also  in  preserving  ham  and  corned 
beef,  on  which  it  voufera  a  red  color. 

Potamum  Carbonate  KaCOg.  —  This  salt  18  mauufaetured 
from  pvitii.-«<iLim  chloride,  from  the  Stassfurt  depoeitft.  The  chlo- 
ride is  hcat«d  with  "*£"*■■■""  carbonate  (magneeite),  wnter,  and 
oirboD  dioxide  vnder  pnasure: 

2KCI  +  SMgCO,  +  CO,  +  SH,0  -» 2KHMg(CO,),,4HsO  +  MbCI*. 

Tbe  hydrated  mixed  salt  separatee  from  the  liquid  containing 
magnesium  chloride  and  ts  decomposed  by  beating  with  water  at 
120°.  The  product  is  a.  tmlution  ot  potaauum  carbonate,  from 
which  the  precipitated  magnesium  carbonate.-  b  removed  by  filtr^ 
tion  and  used  over  again.  In  mme  di«trict«  potasdimi  carbonate 
is  still  extracted  from  wood^ashcv,  its  original  source  and  the  nri^ 
of  its  name,  potuta.  The  inigar  bcvt  takes  up  a  conaiderdble 
amount  of  potash  from  the  iioH,  and  the  extrurt,  after  removal  of 
the  sugar,  is  evaporutod  and  calcined.  Wool  scourinei,  when  evap- 
orated and  calcined,  also  afford  a  smaQ  supply. 

This  salt  is  usually  »old  in  the  form  of  an  anh>'drous  powder 
(ro.-p.  over  1000*).  WTiea  cr>-stallixed  from  water  it  gives  a 
hydrate  2KtCOi,3HiO.  It  ia  deJique»c«nt.  Its  aqueous  sotuticai, 
tike  that  of  sodium  carbonate  (cf.  p.  383),  has  a  marked  alkaline 
rcActiuu.  The  commercial  name  of  the  substance  i»  paari  Mh. 
It  18  uaed  in  makiiic  soft  soap  and  hard  (i.e.,  difficultly  fuublc) 
^an.  It  is  also  employed,  by  interactkui  with  acids,  in  making 
salt*  of  potassium. 

The  u-'ae  of  the  blearboaata  KHCOi  in  purifying  carbon  dioxide 
hM  already  been  mentioned  (p.  381).  Before  the  ninetf^nth 
century,  this  salt  was  used  lutder  tbc  name  MlwMas  (Lat.  aerated 
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aaU),  a  name  now  )uimctim<M  pvcu  the  bakiiig  itodu  NuHCOi 
hicb  hafi  displaced  it. 


Potaaaitim  Cyanide  KNC.  —  Tfau  salt  ifl  nwde  by  heating 
'dry  potttiHUum  fcrrocyaiiido  {q-v.): 

K4Fe(CN).  —  4ICNC  +  Fe  +  2C  +  N,. 

\Mien  the  residue  ia  extracted  with  vratcr,  only  tlic  potuflsium 
ey&tiide  diiwolves.  and  it  is  viutily  cr>'staUiztfd  in  pure  furui  from  the 

^^soIutiuQ. 

^P  Potas^um  cj-anide  is  extremely  soluble  in  water,  and  is  therefore 
detiguei^cent.  It«|>iji!<onou8  qunlitios  arc  equal  to  those  of  hydro- 
cyiuiic  acid.  The  acid  is  so  feeble  as  to  be  liberated  both  by  the 
moixturo  and  by  the  carbon  dioxide  of  the  air,  and  hence  thin  aalt 
always  Las  an  odor  of  hydrocyanic  ncid.  Potassium  cj-snide  was 
used  in  electroplating  {(].v.),  an<l  in  extracting  gold  (f-f.)  from 
its  ores,  hut  has  been  displaced  by  sodium  cyanide  NaNC,  which 
a  now  less  expensive. 

The  preparation  of  poUwium  cyuiaM  KCNO,  a  white,  easily 
soluhle  salt,  and  of  potaiilum  ttUocr&nate  KC'NS,  a  white,  deli- 
quescent salt,  have  already  l>ccn  d<iscril)ed  (p.  421). 

"  The  Sulphate  and  BUulphate.  —  Potasaium  sulphate  K^O* 
in  a  conatituent  of  scventl  double  salts  found  in  the  Stassfurt  de- 
posits. It  is  extriirtod  front  scbo«nlt«  MjkSO<,KjSOi.6HiO  and 
kalnlt*  MgSO„MgCl3,KrSO,,6Hjn.  Tlic  former  is  treaU-d  with 
polaiuiuru  chloride  and  comparatively  little  water,  whereupon  the 
relatively  insoluble  potassium  sulpliate  cr>'atalliie3  out,  and  the 
magnesium  chloride  remains  in  the  mother-liijuor.  Tlie  crystals 
belong  to  the  rhombic  system,  contain  no  water  of  crystallisation, 
and  melt  at  lOCfi".  This  salt  is  employed  in  preparing  alum  (ff-f.) 
and'  is  much  used  as  a  fertiliser.  Since  plants  take  up  solutioDfl  I 
through  their  cell  walls,  they  can  absorb  soluble  compounds  only. 
They  are,  therefore,  dependent,  for  the  potassium  compounds 
which  they  reiiuire,  upon  the  weathering  out  of  soluble  potasdum 
compounds  from  insoluble  silicates  containing  potassium  (p.  430) 
found  in  the  soil.  The  weathering  takes  place  too  skiwly  to 
furnish  u  sufficient  supply  for  many  crops,  particularly  that  of  the 
8U^r-bcet.  Hence  iwtassiuin  sulphate  is  mixed  directly  with 
tbewil. 
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Pot«asiuni-h;dros«&  >ulph&t0  (biHuIpbatp)  KHSd  is  mnclf^  by  the 
itrtiuii  uf  siiiphuric  a<^iil  ii[hiii  potiuiNum  sulphate:  KilSO*  +  HiSO* 
— r  2KHSO4.  It  crystnlUxes  from  water,  in  which  it  ia  very  soluble, 
in  tabular  cryntaU.  ltd  properties  are  similar  to  those  of  sodium 
bisutphate,  which  have  already  been  described  (p.  288). 

Sulphide  of  Potasnum.  —  By  the  treatincot  of  a  ■olution  of  ' 
potassiuui  hydroxide  with  cj'ccsk  of  hydrogvD  sulphide,  a  solution  of 
potaasium-bydrogan  sulphida  m  obtained.  Evaporation  uf  the  solu- 
tiou  givvs  !i  dcliquiMccnt,  solid  hydrate  2KH8,H|0.  Wlien  the 
Kulution,  Ixrfore  evaporation,  is  treated  with  an  equivalent  amount 
of  [xitik^iuni  hy<lroxidc,  ami  the  water  is  driven  oFF,  potMiium 
■ulphld*  K^  remaiuB  behind  ((/.  ]).  270) : 

KHS  +  KOH  j=tKS  +  HjO. 

Considerable  amounts  of  sulphur  can  be  dissolved  in  solutions  of  1 
either  of  these  sulphides.  By  evaporation  of  the  resulting  yellow 
liquids,  variom  polyaulphidM  have  been  obtained.  The.se  lire  1 
probably  K^Sg,  or  mixturejt  of  the  pentasiilphide  with  K^  (c/.  p. 
274].  Bimilar  substances  arc  produced,  as  a  result  of  the  libera- 
tion an<I  recombination  of  sulpluir,  when  tJie  solutions  are  exposed 
to  the  oxidising  action  of  the  air: 

2KHS  +  0»  -*2K0H  +  2S. 


Prop^rtiea  of  PoUia»lun%-ton  K"*!  Anafytiad  ReactlotxM.  — 

The  positive  iooic  ruaterial  of  the  potassium  sslta  is  a  colorless 
substance.  It  unites  with  all  negative  ions,  and  most  of  the  fl 
TL-sultiug  compounds  are  fairly  soluble.  For  its  neosnltlon  we  odd  ' 
solutions  cuntaiiiing  those  ions  which  give  with  it  the  least  soluble 
suits.  Thus,  with  chluruplutinic  acid  HiPtClt  it  givM  a  yellow 
precipitate  of  potaj<sium  chloroplatinate  KtPtClt.  Since  nearly 
one  part  of  tliis  salt  diietolves  in  100  parts  of  water,  the  test  is  far 
froni  being  u  delicate  one.    Picric  acid  (p.  349)  gives  potaaBium 

Lpierate  KC«Hi(NOg)iO,  which  is  much  less  soluble  in  water  (04 
parts  in  100  at  15°).  Pt^rchloric  add  and  hydrofluosilicic  acid 
likewise  give  somewhat  in»oliiblc  salts  of  potasnutn.  PotanJum- 
hTdro(«n  tartrau  KHCtHiO*  is  precipitated  by  the  liddition  of 
tartaric  acid  to  a  sufficiently  concentrated  solution  of  a  potaaaium 
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salt.  The  neutral  tdrtrulf  KjC|H40(  is  much  more  soluble.  The 
latter  luay  be  obtuiaed  by  trentiii|i;  the  prccipitute  with  u  solution 
of  potiLssium  hydroxido.  Addition  of  an  a«id  to  this  solution 
cause!)  reprecipitution  of  the  bitartrRtc. 

A  much  more  delicutc  teat  fur  the  recognition  of  a  potassium 
com|H)und  consists  in  the  examination  by  nicans  of  the  spMtrcwoop* 
of  the  light  given  out  by  a  Bunscn  flame,  tn  which  a  little  of  the 
s»U  is  held  upon  a  pint  inum  wire.  When  the  amount  of  potassium 
is  cwnsideniblo,  and  no  other  substance  which  would  likewise  color 
the  flame  is  present  to  ma&k  the  effect,  the  violet  tint  is  recognizable 
by  the  eye. 

Rubidium  and  Ciexium.  —  In  18C0  Bunsen  discovered 
fiBveral  new  lines  tn  the  spectrum  given  by  materials  derived  from 
the  salts  in  DQrkheim  mineral  water.  Two  new  elements  of  the 
alkali  Rroup  were  found  to  cause  their  presence,  and  were  named, 
from  the  colors  of  the  lines  wliich  they  gave,  rubidium  (red)  and 
cfcslum  (blue).  Kubidium  is  obtainable  with  relutivo  case  from 
the  mother-liquors  of  the  Stassfurt  works. 

The  metals  may  be  obtained  by  heating  their  hydroxides  with 
magne^um  powder.  The  hydroxi<lc«  of  these  two  elements  are 
more  active  as  bases  than  is  potassium  hydroxide.  Their  sultu  ore 
very  much  like  thooe  of  potasttium. 


Ammonium 

The  compounds  of  ammonium  claim  a  jilace  with  those  of  the 
alkali  metals  because  in  a<iueous  nolution  they  give  ammonium-ion 
NIIi*,  a  Bubatance  which  in  its  behavior  closely  resembles  pota«- 
sium-ion.  Some  of  the  special  properties  peculiar  to  ammonium 
compounda,  and  particularly  the  properties  of  ammonium  hydrox- 
ide NH4OH,  have  been  discussed  in  detail  alreatly  (pp,  343-3'15). 

Salt»  of  AmTnaninm.  —  Ammonium  chloride  NH4CI,  known 
commerL-ijitly  as  tala.mmonlac,  like  all  the  other  compounds  of 
ammonium,  is  prepared  from  the  ammonia  dissolved  by  the  water 
used  to  wash  illuminating  gas  (p.  41t),  or  that  obtained  from  by- 
product coke  ovens  (p.  411).  It  ia  purified  by  sublimatinn,  and 
then  forms  a  eompact  fibrous  mass.    At  337.8°  ita  vapor  exercises 
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ouc  atmosphere  pressure,  and  is  dissociated  into  ammonia  and 
hydrogen  chloride  to  the  extent  of  62  per  cent  (p.  34S). 

Ammoaium  iiitnt«  NH^NOa  is  a  whitt:^  (rrystalttne  salt  which 
may  Ix-  mwlv  ii.v  liic  interaction  of  luiin ionium  h^-droxide  and 
nitric  add.  Wii<-i)  heated  gently  (m.>p.  166°)  it  decomposes,  ^vlng 
nitrous  oxide  and  water  (p.  357).  It  is  Uised  as  an  ingredient  in 
fireworks  and  explosives. 

AMicn  ammonium  hydroxide  k  treated  with  excess  of  carbon 
(LuxiUe  the  soUition  ^vea,  pn  evaporation,  uamoQlum  bloarboiut* 
NH4HCO1.  This  is  a  white  crystalline  wilt  which  is  fairly  stable 
at  the  ordinarj-  temperature.  It  has,  however,  a  faint  odor  of 
ammonia,  and  its  di»aociation  becomes  very  rapid  when  uUght  heat 
is  applied.  When  a  solution  of  this  salt  is  treated  with  iminionium 
hydroxide,  tlie  normal  o&rbonate  (NH4);C0i  is  formed.  But  this 
salt,  when  left  in  an  open  vcft-scl,  loses  ammonia  vei^"  rapitily,  and 
leaves  the  bicarbonate  liehind. 

Ammoniiun  thlooyanate  NH^N^^  {cf.  p.  421)  is  a  white  salt 
which  fin<ls  some  application  in  analysis. 

Ammonium  sulphate  (Nnt)3l*0(  is  a  white  salt  which  is  used 
chiefly  a«  a  fertilizer.  By  clBctrolyaia  of  a  concentrated  solution 
of  the  blaulptut«  NHdlSOt,  ammonium  persulphato  (NH()tSiOk, 
which  is  less  soluble,  i&  formed  and  cryslfillizcs  out  (c/.  p.  291). 

Solutions  of  ammoaium- hydrogen  sulphide  NIUH^  and  ammo- 
nlum  sulphide,  (N{l4)jS,  made  by  passing  hydroecn  sulphide  gas  into 
ammonium  hydroxide,  are  much  used  in  analysis.  The  sulphide  is 
almost  completely  hydrolyzed  by  water  into  the  aeid  sulphide  and 
nninionium  hydroxide,  its  behavior  being  like  that  of  sodium 
sulphide  (p.  271): 

2NH,  +  H^  izt  (NH,),S  i=s  2NH,+  +  8=>  _  „«- 

It  is  used  for  the  precipitation  of  sulphides,  such  as  zine  sulphldB 
ZnS,  which  are  insoluble  in  water.  Although  the  S=  ions  are  not 
numerous  at  any  moment,  disturbance  of  the  equilibrium  by  their 
removal,  when  they  pass  into  combination,  causes  displacements 
which  result  in  the  generation  of  a  continuous  supply.  The  liquid 
smells  strongly  of  ammonia  and  hydrogen  sulphide,  on  account  of 
the  dissociation  of  the  parent  molecules  by  reversal  of  the  above 
equilibria. 
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The  BolutiQiui,  when  pure,  are  oolorl«8S.  They  diseolve  free 
sulphur,  giving  yclluw  polriulpbidM  similar  to  those  of  potassiim 
(p.  4i&2).  Th«  »mnc  yellow  suljslAnws  are  also  obtained  by 
gradual  oxidutiuti  uf  iiiittikoriiuni  i^uiphiile,  wlvtti  the  .lolution  of  this 
salt  a  allowed  to  staud  in  a  bottle  from  which  the  air  is  imperfectly 
excluded. 


Ammonium  Amalgam.  —  Wheu  a  saU  of  ammonium  is  de- 
compoHod  by  ok'c-trolynis  thv  NH4'^,  upon  its  discharge,  ordiiiarilyj 
givut  ammonia  and  hydrog^a,  and  no  substantv  NH«  is  obtaine 
If,  however,  a  pool  of  mercury  is  used  as  the  nt^itivo  elttlro*!!-,  the 
NH4  forms  an  amalgam  with  it,  and  there  seems  to  be  no  doubt  that 
this  substance  is  actually  prraent  in  solution  in  the  mercury. 
While  the  atnalgani  is  being  formed  it  swells  up  and  gives  off  the 
decomposition  produets  alx>ve  mentioned,  so  that  the  existence  of 
the  substance  is  only  temporary.  The  same  material  may  be 
obtained  by  putting  sodium  amalgam  into  a  strong  solution  of  a 
salt  of  aimnonium.  The  action  is  a  displacement  of  one  ion  by 
another  (p.  259) : 

Na(dalvd  in  mercury)  +  NH(+  — •  NH4(dslvd  in  mercury)  +  Na*. 

This  behavior  is  interesting  since  it  is  in  harmony  with  the  idea  that 
aniinotiium,  if  il  could  be  isolated,  would  have  the  properties  of  a 
metal.  Substances  other  than  metals  arc  not  miscible  with 
mercury. 

Atnmonium-ion  NH^*:  Analytical  Reacliona.  —  Ionic  am- 
monium is  a  colurlc«8  substance.  It  unites  with  negative  ions,  giv- 
ing salts,  which,  in  the  majority  of  cases,  are  soluble.  Ammonium 
cliloroplatitiate  {NH4)iPl(T«,  and  to  a  less  oxlcut  ammonium- 
hydrogen  tartrate  NH4HC4H40*,  are  insoluble  compomids,  and 
their  precipitation  is  used  as  a  test.  The  surest  means  of  recognifi- 
in|t  ammonium  eom]x>unds,  however,  consists  in  adding  a  soluble 
base  to  the  subatance  (c/.  p.  34.'>).  The  ammonium  hydroxide, 
which  is  thus  formed,  gives  off  ammonia,  and  the  latter  may  be 
detected  by  its  odor. 

Exercitta.  —  1.  What  kind  of  metals  will,  in  general,  interact 
with  solutionj)  of  bases  {cf.  p.  296)? 
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2.  Why  should  a  mixture  of  potasmum  chlorate  and  antimoDy 
trisulphide  be  exploeive? 

3.  How  should  you  set  about  making,  (a)  a  borate  of  potassium, 
(&)  potassium  pyrophosphate,  (c)  ammonium  nitrite,  (d)  ammo- 
nium chlorate,  (e)  ammonium  iodide? 


CHAPTER  XXXV 


SODIUU    AND    LITHIUM.     IONIC    BQmLIBRIUU    CONSIDERED 
QUANTITATIVXLY 

Sodium  chloride  forms  more  than  two-thirtb  of  the  solid  mfttt«r 
<iis»ulvcd  in  »ea-wat«r,  and  the  great  salt  deposits  Arc  largely  com- 
posed of  it.  Sea'plants  contain  mainly  sodium  salts  of  orgnnic 
acids,  just  as.  land-plants  contain  potassium  salts.  Chile  BMlt- 
pctcr  and  albite  (a  soda  feldspar)  are  important  minerals. 

Compounds  of  sodium  are  usually  chejtppr  than  the  correspond- 
ing one.s  of  potassium.  Also,  since  the  atomic  weight  of  sodium  U 
23|  against  30  for  potassium,  a  snialler  weight  of  the  sodium  com- 
pound will  produpc  thfi  same  chemical  result.  For  these  two 
reasons,  sodium  compounds,  except  in  special  cases, 
an  aiw8>'H  used  for  commercial  purposes. 

Preparation,  —  Sodiimi  was  first  made  by  Davy 
(1807)  by  electrolysis  of  moist  sodium  hydroxide. 
It  18  manufactured  by  the  electrolysis  of  fused 
eodium  hydroxide  by  a  method  bvented  by  Caatner. 
The  negative  eJectrode  projects  through  the  bottom 
of  the  iron  vessel  containing  the  fused  hydroxide 
(Fig.  114),  and  here  the  sodium  and  hydrogen  are 
Iil)crat«d.  This  electrode  is  surrounded  by  a  wire-gauze  parti- 
tion to  permit  circulation  of  the  fust'd  mnss,  but  prevent  escape 
of  the  ^obules  of  sodium.  This  is  surmounted  by  a  bcU-shaped 
vessel  of  iron.  The  positive  electrode  is  an  iron  cylinder  sur- 
rounding the  gauze.  Th«  sodium  and  hydrogen  libi-ratcd  at  the 
catliode,  being  lighter  than  the  fused  ma«,  ascend  into  the  iron 
vend  (at  A),  under  the  edge  of  which  the  hydrogen  escapes. 
Oxygen  is  set  free  at  the  anode.  The  lop  is  closed,  to  prevent 
the  sodium  from  burning.  The  melted  sodium  is  ladled  into 
m<^ds,  like  candle  molds. 

W 
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Properties.  ~~8o<ii\itii  i»  a  !«oft,  sliJiiiiig  iii«1a1,  mcltiog  at 
and  iHJiiiiig  at  712°.  Tbc  grwjti  vapor  is  it  iiiuiuitoiiik-  gaa.  The 
general  cheuiiciU  properties  have  ttlrcHti^'  bt^-n  given  (p.  443). 
The  inctfil  uiiit«»  with  hydrogen  to  form  «  hjdriiie  XaH,  which 
rpsembli;^  potiu«iuiii  hydride  (p.  444).  Tlic  wnalBom  with  mer- 
cury, when  it  eoiittiins  more  tluin  ft  siuiill  lunouut  of  sodium,  is 
solid,  and  contains  one  or  inoro  eompouuds  of  th<.>  two  elcmentn. 
Tiiis  &iim1gtkni  ix  oftcni  uso<l  iiuit«nd  of  the  met»l  sodium,  since 
the  dilution  and  combinatiun  with  mercury  make  thu  iuk-ractioas 
of  the  metal  more  easily  controllable.  Sodium  is  used  in  the 
manufiicture  of  sodium  ptvroxide  and  of  many  carbon  compounds 
which  arv  used  as  drugs  and  dye^. 


Sodium  Chloride  IVaCl.  —  Common  salt  is  obtained  from  the 
salt  deposits  of  Stassfnrt  and  Reiclienhall  (ue«r  Salzburg),  in 
Chcsliirv,  at  Syracuse  and  Warsaw  in  New  York,  at  Salina  in 
Kaiisiis,  in  Utah,  California,  and  many  other  districts.  Natural 
briiUM  are  obtained  from  we)lf<  in  various  parttt  of  the-  world.  SinoQ 
the  salt  can  seldom  be  used  directly,  on  account  of  impurities  which 
it  contains,  it  is  purified  by  recrystallization  from  water.  Natural 
brines,  which  are  sometimes  dilute,  are  often  concentrated  by 
dri])ping  over  ejd«nei\'e  ricks  composed  of  twigs.  When  the  rc-j 
suiting  brine  is  allowed  to  evaporate  slowly  by  the  help  of  llie 
sun's  heat,  large  cr>-HtaIs,  sold  as  "solar  salt,"  are  obtainetl.  By 
the  use  of  artificial  heat  and  stirring,  smaller  crystals  of  greater] 
purity  can  be  secured.  In  northern  Russia,  the  brine  is  allowed  to 
freeze,  and  the  water  thus  removed  in  the  form  of  ice  (p.  134). 
Halt  intended  tor  table  use  must  be  freed  from  the  traces  of  mag> 
nesium  chloride  {q.v.)  present  in  the  ori^nal  brine  or  deposit,  for 
lliis  impurity  causes  it  to  absorb  moisture  more  vigorously  from 
the  air.  Addition  of  a  little  baking  soda  NaHCOi  remedies  the 
difficulty,  by  forming  llie  iiiHuluble  magnestun]  carbonate.  The 
purest  salt  for  chemical  purposes  is  precipitated  from  a  saturated 
solution  of  salt  by  lirading  into  it  hydrogen  chloride  gas.  Ex- 
platiution  of  this  effect  will  l)e  given  presently  (see  pp.  4G0-4T2). 

Common  salt  crystallines  in  eulx«,  the  faces  of  which  are  usually 
hollow.  The  crystals  decrepitate  (p.  449)  when  heated,  and  melt 
at  about  820°.  Common  salt  is  the  source  of  all  aodium  com- 
pounds, with  the  exception  of  the  nitrate.    From  it  come  also 
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lufwt  of  ihe  chiorine  and  hydroRen  chloride  used  in  commerce. 
It  is  a  necessary  article  of  diet,  furnishinft,  for  example,  the  hydro- 
chloric acid  in  the  gaatric  juice  (p.  147). 

The  Hydroxide  and  Osides.  —  Sodium  hydroxlds  NaOH, 
csllwl  also,  colloquially,  o&usUc  soda,  is  prepared  by  the  action  of 
slaked  lime  upon  sodium  carbonate,  but  mainly  by  the  elpclrolysis 
of  a  Bolutioti  of  sodium  chloride,  in  both  cases  precisely  as  is  potas- 
sium hydroxide  (p.  446).  Sodium  hydroxide  is  a  hi^ly  deliques- 
cent substance.  Its  general  chemical  properties  are  identical  with 
those  of  potassium  hydroxide.  It  is  used  in  the  nmnufaoturc  of 
soap,  in  the  preparation  of  paper  pulp,  and  in  many  oth<?r  cheuiiciil 
iudustrtes. 

Sodium  peroxide  NfleOj  is  made  by  lieating  sodium  iit  300-400" 
in  iiir  which  has  been  freed  from  carbon  fliuxidc.  The  sodium  is 
placed  on  trays  of  aluminium,  and  is  passed  into  iho  furnace 
ugainxt  the  current  of  air.  In  this  way,  the  frvshtwt  sodium  mivta 
the  air  from  which  most  of  the  oxygen  has  been  removed,  arid  the 
action  is  moderated.  Conversely,  the  uluio«t  entirely  oxMiizcd 
.sodium  mocta  the  freshest  air,  and  completion  of  the  oxidation  is 
thu8  assurvd. 

This  oxide  is  the  sodium  salt  of  hydrogen  peroxide.  When 
thrown  into  water  it  decomposes  in  part,  in  couscqucnco  of  the 
heat  developed,  giving  sodium  liydroxidc  and  oxygon.  With  care- 
ful cooling,  however,  much  of  it  can  be  dissolved.  By  interaction 
with  acids  it  yields  hydrogen  peroxide  (p.  222).  Sodium  peroxide 
is  now  used  commercially  for  oxidising  and  bleaching,  and,  in  tha 
form  of  oxone  (p.  28),  as  a  source  of  oxygen. 
Tlie  ordinary  ■oditun  oxlda  Na^O  is  made 
in  the  same  wav  as  is  potassium  oxide 
(p-  447). 
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The  Nitrate  and  .\itr!te.  —  The  occur- 
rence and  purihcation  of  godium  nitrate 
NftNO)  have  already  been  described  (p.  347).  Its  crystals  arc 
of  rhomlmhc^tral  fonn  (Fig.  115).  This  salt  is  one  of  the  best  of 
fer1.il ixers,  since  it  furnishes  to  plants  the  nitrogen  whicti  they 
require  in  a  very  easily  absorbed  form.  It  is  used  also  in  the 
maoufaclure  of  potassium  nitrate,  and  of  nitric  acid. 
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Sodium  oitrtU  NnNt^j  h  fornK>d  by  hcntiiig  sodium  nitrste  i 
metallic  l«a<J  and  recrystallizing  the  prudut-t  (p.  356). 

Manufacturf  of  SotUtttn  Carbonate.  —  Natural  sodium  rar- 
bonixto  is  fouiul  in  F^ppl  nii<i  in  other  parts  of  the  world.  At 
Owca's  Lake,  Califocnia,  it  is  st-eured  by  solnr  cvapomtion  of  the 
WHtcr.  The  scsfniiearbotmte  N%CO»,NftHCOi,2H^,  being  the 
Iwiat  soluble  of  the  ('arboimtes  of  wxliuni,  is  the  one  dopositnl. 
Locidly,  small  (luaiititit^s  of  sodium  cnrbonate  are  still  made  by 
the  burning  of  sea-weed.  Tlie  substanw  is  manufactured  from 
Hodium  chloride  in  two  ways,  namely  by  the  Le  Blatic  process  and 
by  the  Solvay  procesB,  In  1000,  however,  only  two  factories  used 
the  former  process. 

The  Le  BUnc  proetes  (1701)  involves  three  chemical  actions.  In 
the  firat  place,  sodium  chloride   is  treated  with  an  equivalcat 
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amount  of  sulphuric  acid  in  a  lar^  ca»t-iron  or  earthenware  pan. 
The  l»sulplmte  thus  produced  (cf.  p.  141),  together  with  the  un- 
chan^d  aofliiim  chloride,  is  raked  out  on  to  the  hearth  of  a  rever- 
boratory*  furnace  (Fig.  !16),  or  into  a  rotating,  inclined  iron 
cylinder,  and  heated  more  strongly  until  the  action  is  completed: 

NftCl  +  NaHSO,  j=t  \ajSO«  +  HCl  t  ■ 

*  So  coUmI  liecauae  the  heated  gwui  from  the  ftre  ajv  dejkcud  by  the  roof 
kod  pUy  upon  th(i  inBtrriivlit  iproul  on  the;  bnl  or  the  (umntw. 
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The  product  of  thin  treatment  in  caDinl  nit  e*k9.  The  hydrof^.n 
chloride,  which  is  liberated  in  both  i>taf;eA,  pasHeii  through  towers 
containing  running  water  in  which  it  is  abnorbed.  The  second  and 
third  actions  which  follow  are  conducted  in  one  operation.  They 
consiftt  in  the  reduction  of  the  nodiiim  sulphate  by  means  of 
powdered  coal  and  the  interaction  of  the  resultinR  sulphide  of 
sodium  with  chalk  or  powdered  limestone,  leaving  finally  black  a«b : 


NttfSO*  +  2C 
Na^  +  CaCO*  - 


■  Na^S  +  2C0i, 
Na,CO,  +  CaS. 


Calcium  sulphide  is  not  very  soluble  in  water,  and  is  but  slowly 
hytlrolyaed  by  it  (p.  273),  LispeciiUly  when  cal<^-iuin  hydroxido  is 
present.  The  eodiuui  carbonate  is  therefore  extracted  from  the 
black  ash  by  a  systematic  treatment  of  the  ash  with  water.  The 
fl«h  Lt  jilaced  in  a  aericR  of  vcsstelB  at  different  levels,  and  a  stream 
of  water  (30-40°)  flows  from  one  vessel  to  another,  until,  when  it 
iaaued  from  the  last,  it  is  completely  saturated  with  sodium  car> 
bonabe.  When  the  material  in  the  first  of  the  vessels  has  been 
ejchausted,  the  water  is  allowed  to  enter  the  second  vessel  directly-, 
anil  a  vessel  containing  fresh  black  ash  is  added  at  the  lower  end 
of  the  series.  In  this  way  the  most  nearly  exhausted  ash  comes  in 
contact  with  pure  water,  which  is  in  the  best  position  to  dissolve 
the  remaining  sodium  cnrbonato  rapidly,  while  th(!  fresh  black  ash 
encounters  a  solution  alreiuly  almost  at  the  point  of  saturation. 
The  commercial  aurvival  of  the  prowss  depends  upon  the  recovery 
of  the  sulphur  from  the  spent  black  axb,  and  of  the  hydrogea 
cliioridc. 

The  Solnr,  or  ammonia-soda  process  (1860),  has  now  displaced ' 
the  Lc  Blanc  process.  It  differs  from  the  latter  by  iuvolving 
almost  notlung  but  ionic  ai^tiuns.  A  solution  of  »alt,  containing 
animonin  and  warmtrd  to  -JO",  fills  a  toner  divided  by  a  number  of 
perforated  partitions.  Carbon  dioxide,  which  Is  forced  in  below, 
n9ak<^  its  way  up  through  the  liquid.  The  ammonium  bicarbonate 
formed  by  its  action  undergoes  double  decomposition  with  the 
salt,  and  sodium  bicarlxmate  which  is  precipitated  (w^'ty,  9.6  g. 
in  100  c.c.  Aq)  settles  upon  the  partitions: 

NaCI  +  NH*HCO.fc;  NaHCO,  i  +  NH«C1, 
or  HCOr  +  Na+  pa  NaHCO,  i- 
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The  solid  sodium  bicarbonate,  after  being  freed  from  the  liquid, 
heated  Blrongly  and  iea^-es  behind  sodium  carbonate: 

2NanC0,  —  NaiCO,  +  H,0  t  +  CQ,  f . 

Tbe  carbon  dioxide  which  is  liberated  pasaeo  through  the  operation 
once  more.  The  supply  of  carbon  dioxide  is  generated  in  Ume- 
kilns  of  spcnul  form.  Tlie  mother-liquor  from  the  sodium  bicar- 
bonate contuiiix  uriimonium  chloride.  This  is  decompoBGd  by 
heating  with  quicklime  from  the  kilns,  and  the  ammonia  which  i 
thus  obtained  is  available  for  the  treatment  nf  (tni.tliiT  buteh. 

'I1ie  anhydrous  sodium  nirbonute  (loda  Mh  or  okIcidmI  kkU)  ti 
reciystallizcd  from  wnter,  giving  the  decahydratc  NajCOj,10HiO, 
■oda  eiTstals,  vr  waihlnc  soda.     Tlie  bicarbonate  is  bkUne  soda. 
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Properties  of  the  Carbonate  and  Bicarbonate.  —  The  com- 
mon form  of  Bodium  carbonate  consists  of  large  mouocUnic  crjiEtala 
of  the  decahydrat*  XaiCOt,10IIiO.  This  substance  has  a  fairly 
high  aqueous  tension,  and  loses  nine  of  the  ten  molecule*  of  water 
which  it  contains  when  it  is  expaied  in  an  open  vwssel  (p.  96), 
leaving  the  roonohydrate.  ^Iien  warmed  it  melts  at  35.2°,  giring 
a  solution  of  sodium  carbonate  in  wat^r.  The  dejKiwt  from  evap- 
oration, above  35.2°,  is  the  iaoiioh7dr«t«  NatCOj.HiO.  At  higher 
temperatures,  or  in  a  dr>'  atmosphere  (p.  96),  this  in  turn  can  be 
completely  dehydrated.  In  aqueous  solution,  sodium  carbonate 
is  liydrolyzed  (2.3  per  cent  in  O.IA'  solution  at  25*),  and  shows  a 
marked  alkaline  reaction  (p.  3S3),  The  compound  is  used  in  large 
amounts  for  the  manufacture  of  glass  and  soap,  and  in  the  soften- 
ing of  water,  and  is  applied  in  innumerable  ways  in  the  scientific 
industries  for  purposes  akin  to  cleansing. 

All  the  familiar  compounds  of  sodium,  excepting  sodium  nitrate 
and  the  peroxide,  are  made  by  the  treatment  of  sodium  carbonate 
or  sodium  hydroxide  with  acids. 

Bodium  bicftrbonat«  NallC^'O)  is  formed  in  tbe  Solvay  process 
(p.  461)-  It  can  be  prepared  in  a  state  of  purity  by  passing  carbon 
dioxide  over  the  decahydratc  of  sodium  carbonate: 

Na^O,,10H,O  -t-  C0,!=*2NaHC0,  +  9H,0. 

This  action  is  reversible  (cf.  p.  3S4),  and  sodium  bicarbonate  ahowsi,.| 
even  in  the  cold,  an  appreciable  tension  of  carbon  dioxide. 
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ar|ueous  solution  of  the  pure  substance  is  neutral  to  phcnolphthal* 
Pin,  on  account  of  the  amaU  degree  of  ionisation  of  the  ion  HCOi~. 
Oixlinarily,  howevej*,  the  solution  b  alkaline,  on  account  of  the 
presence  of  the  carbonste,  which  is  hycirolvEed.  The  salt  ia  uaed 
in  the  manufacture  of  baking  powder  and  in  medicine. 

Baking  Pottdern.  —  The  object  of  using  the  powder  ia  to 
generate  carlion  dioxide  in  the  dough.  The  bubltlea  are  retained 
because  of  tlie  presence  of  the  sticky  gluten,  a  protein  (p.  3). 
They  expand  when  the  dough  ia  heated  in  baking,  and  give  to  the 
bread  its  pnroua  texture. 

Baking  ^oda,  alone,  will  give  off  carbon  dioxide,  but  the  aodiiim 
carbonate  which  it  leaves  behind  has  a  disagreeable  taste  and  acts 
upon  the  gluten  causing  a  yellow  color  and  unpleasant  smell.  H 
also  tends  to  neutratiiH^  the  add  in  the  gastric  juice  and  so  impedes 
dicesUon.  To  prevent  this  result,  sour  milk  (containing  lactic 
acid)  and  even  vinegar  are  added.  Usually,  hon-ever,  a  baUaf 
powdar  containing  an  acid  substance  along  with  the  bicarbonate  b 
employed.  Potassium  bitartrate  (cr«am  of  tartar)  KHC'(H«0«  (p. 
452)  ia  most  commonly  employed,  alihough  alum  and  primary 
sodium  or  ammonium  orthophospbato  (p.  370)  are  also  used: 

HKC*H«0.  +  NaHCO,  -*  NaK(:-.H40,  +  H,CO»  —  H,0  +  C0|  J 

The  cream  of  tartar  has  the  a<ivantage8  that  it  is  somewhat  in- 
floluble  and  does  not  act  noticeably  upon  the  soda  before  the 
mixing  of  the  dough  is  complete,  and  that  the  sodium-potassium 
tartrate  (Roclielle  S&lte)  produced  is  not  hannful.  A  little  starch 
id  added  to  Ntkiiig  jxiwders  to  keep  the  particles  of  the  two  other 
ingredients  ajiart,  and  prevent  gradual  interaction  before  use. 

For  raising  bakers'  bread,  yeast  ia  employed,  and  time  is  allowed 
for  the  propagation  of  the  yeast  and  its  action  upon  the  sugar  (p. 
406)  in  the  flour.  A  little  molasses  or  malt  extract  is  often  added, 
to  ensure  a  sufficient  supply  of  sugar. 

The  whites  of  eggs  cause  cake  to  rise,  largely  because  thej-  are 
whipped  before  use,  and  bubbles  of  air,  which  expand  when 
heated,  arc  thus  introduced. 

OlJier  Softa  of  Sodium.  — Anhjdcou*  aodlum  sulphats  NaJf^04 
(theoardite)  is  found  in  the  salt  luyere.     The  same  salt  is  contained 
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in  minorftl  w«t«re,  euch  as  those  of  Friedricbahall  and  KarUbad. 
It  is  furiucd  ill  coiincction  with  tho  manufacture  of  nitric  acid  from 
sodium  nitrutu.  It  is  used,  as  u  substitute  for  sodium  carbooatv, 
in  making  iDexpensivc  glass. 

The  decftbrdr&u  of  sodium  lulphkU  NosSOf.IOHtO  (fflkutxT'B 
8«lt)  forms  liirgf  inouotliriif  L-rystals  nhiL-h  give  up  nil  their  ivat^r 
of  hydration  when  kopt  in  an  opi-n  vessel.  When  heated,  the 
crystaJs  nifll  at  32.4°,  ^%'iug  the  sulphate  and  water.  For  th« 
soluhilitii-s  of  the  hydrate  and  auhydrous  substance,  see  Kg.  59 
(p.  132). 

ScxUum  thlosulphat*  NiVjSjOj,5H|0,  fonnerly  called  hyposulphitn 
of  soda,  and  still  cudled  hypo  by  photographers,  is  made  by  boiling 
a  solution  of  su«liuin  sulphite  with  sulphur  (p.  290).  A  standard 
solution  (p.  257)  of  tiie  tbiosulphatc  ia  used  in  delcrminiiig 
quantitiojt  of  free  iodine: 

2NasS,0,  +  I,  -^  2NaI  +  NaAO». 

Colorless  lodlum  totrathlonate  is  formed,  and  the  "end  point" 
(consumption  of  all  ihc  iodine)  can  be  ascertained  by  the  starch 
t«Rt  (see  p.  480). 

When  heat<^d,  dry  sodium  thiosulpliutc  first  loses  the  water  of 
hydration,  and  then  deixxniKtsos,  giving  sodium  sulphate,  which  is 
the  most  stiible  oxygen -sulphur  compound  of  sodium  (xf.  p.  290) 
and  sodium  peutasulphidc : 

4NaAO,  -*  3Na,S04  +  Na^St. 

Prom  the  latter,  four  unit-weights  of  sulphur  can  l>e  driven  by 
stronger  hejiting.  Bo<hum  thiosulphate  is  used  for  hxing  negatives 
in  photography  (q-v.),  and  by  bleachers  as  an  antiehlor. 

Sodium  bypoiulphito  N&qSsO^  is  prepared  in  solution  by  the 
action  of  zuic  on  sodiiuu  bisulphite  and  excess  of  sulphurous  acid: 

Zn  +  2NaHS0j  +  H,SOj  —  Na^O*  +  ZnSO,  +  2H,0. 

The  solution  is  an  active  reducing  agent,  and  is  employed  largely 
by  dyers,  for  example  in  reducing  indigo  (insoluble)  to  indigo  white 
(soluble  in  an  alkaline  liquid),  in  preparing  the  vat  of  dye, 

('ommon  sodium  phosplutto  is  a  dodecahydrate  of  the  secondary 
orthophosphate,  NaiHPO»,12HiO.  It  is  made  by  neutralization 
of  phofiphoric  aeid  with  sodium  carbonate.  Its  properties  have 
already  been  discussed  (pp.  370-371). 
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Sodium  motapbo8pb*t«  NaPOi  is  formed  in  bead  tento  (p.  371). 

Sodium  tetraborato  NonBiOrtlOHtO  (boru}  forms  larife,  trans- 
parent prisms.  When  heated  it  loses  water,  and  leaves  the  easily 
fusible  anhydrous  salt  in  glaaay  form.  Its  sourcee  have  already 
been  dlsciueed  under  borates  (p.  432).  It  is  used  as  an  inftredient 
in  glazes  for  porcelain,  in  soldering,  for  bead  reactions  {p.  433)  ajid 
for  preserving  fo<xl. 

Sodium  dlalllcate  NajSijOt  (i;f.  p.  428}  is  used  for  fireproofinR 
wood  and  other  materials,  and  for  preaerving  e©p.  Sand  which 
is  moiatened  with  it  and  pressed  in  molds,  forms,  after  baking,  a 
wrvieeabk-  artifiL-ial  ston<?. 

Por  aodium  cTanldv,  ecc  p.  4SS. 

Propertifg  of  Sodium-ion  ^a*:    Analytical  Reactions. 

Suilium-ion  is  u  colorieKt  ionic  niutcriul  which  unites  with  all 
negative  ions,  l^actically  nil  the  »itlts  so  formed  ant  soluble  in 
water.  Th<'  only  one;*  whioh  can  be  precipitutcd  are  sodium  fluo- 
eilicjite  NtVfSiF«,  mmic  by  the  ad^tiou  of  hydrofluotolicic  acid  to  a 
strong  .solution  of  a  sodium  «ilt,  and  wxiium-hydrogcn  pyroanti- 
niouiate  NajHiSbiOj,  made  by  similar  addition  of  the  corresponding 
potassium  salt.  All  compounds  of  so<lium  confer  a  yellow  color 
on  the  Biinsen  fiame,  but  this  test  is  so  delicate  that  it  is  shown  by 
the  traces  of  so<iiun]  contAioed  in  almost  all  substances. 


Lithium. —  Lithium  occurs  in  lepidolite  (a  lithin  mica),  in 
amblyjtiinit*,  and  in  other  rare  minerals.  Trawit  of  compounds  of 
tlie  element  are  found  widely  diffused  in  the  soil,  and  are  taken  up 
by  plants,  particularly  tobacco  and  beets,  in  the  ashes  of  which  the 
clement  may  be  detected  spectroscopically. 

The  metal  is  liberated  by  electrolj-sis  of  the  fused  chloride.  The 
specific  (fravity  of  the  free  element  {0.53}  is  tower  than  that  of  any 
other  metal.  Lithium  not  only  floatB  upon  water,  but  also  in  the 
petroleum  in  which  it  is  preserved. 

The  metal  behaves  towards  water  and  oxygen  like  sodium  (p.  50). 
It  unites  directly  and  vigorously  with  hydrogen  (LiH),  nitrogen 
(IJiN),  and  ox\'gen  (UiO),  forming  stable  compounds.  Thp  peU 
ative  insolubility  (see  Table)  of  the  hydroxide  LiOH,  the  car* 
bonate  LiiCO»,  and  the  phosphate  LijPOt,2H30  is  in  sharp 
contrast  to  the  cwsy  solubility  of  the  corresponding  compounds  of 
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the  other  alkali'inctAlx,  and  liiUui  lithium  with  magQeeiuin.  The 
compounds  of  hthiuiii  give  a  bright-rt-d  color  to  the  Bunsen  fkme. 
A  bright-ixrd  mid  s  eomcwhut  Iosh  bright  orange  Unc  arc  seen  in  the 
spectruni.     Tho  oirboujiti-  i»  used  in  nit-dicinc. 

Ionic  Eqdili&iuuh,  Consiuerbd  Quantitativelt 

In  view  of  the  predorainaQcc  of  ionic  actions  in  the  chcniistry  of 
the  metala,  and  of  the  determinative  effect  of  ionic  e()uUi1>ria  on 
many  actions,  it  in  essential  that  we  should  be  prepared  in  future 
for  a  more  exact  consideratinn  of  these  phenomena  than  we  have 
hitherto  attempted.  The  whole  baas  for  this  exact  consideration 
hoe  already  been  supplied,  and  onh'  more  specific  application  of  the 
principlp-8  is  demanded.  The  basis  referred  to,  which  ahould  now 
be  re-read  as  a  prelbninarj'  to  what  follows,  ia  contained  in,  (1)  the 
discussion  of  chenucal  equilibrium  in  general  (jip.  177-190),  (2)  the 
application  of  the  same  principles  to  ionic  equilibrium  (p.  23S}, 
and  (3)  the  illustration  of  this  application  in  the  case  of  cupric 
bromide  (pp.  246-251). 

Excesn  of  One  Ion.  —  In  the  case  of  cupric  bromide,  we  showed 
that  increasing  the  concentration  of  tlie  bromide  ions  displaced  the 
equilibrium  by  favoring  the  union  of  the  ions  to  form  molecular 
cupric  bromide:  2Br~+  Cu"*^  — •  CuBrj.  This  wc  speak  of  as  a 
repression  of  thft  Ionization  of  the  cupric  bromide.  Now,  if  the  sub- 
Htance  is  a  aUghlbj  ionized  one,  like  &  weak  acid  or  a  weak  base,  the 
repression  of  the  ionization  through  the  formation  of  molecules  in 
this  way  may  rcmo\'e  so  many  of  that  one  of  the  ions  which  is  not 
present  in  excess  (corresponding  to  the  Cu"*^  in  the  furcguing  illus- 
tration), that  the  mixture  will  no  longer  respond  to  tests  for  the 
ion  so  removed.  This  is  an  interesting  and  very  common  euae. 
The  behavior  of  acetic  acid,  a  weak,  slightly  iouixcd  acid,  will  serve 
as  an  illustration. 

In  normal  solution  (60  g.  in  1  I.)  acetic  acid  is  only  O.OOJ  ionized 
(p.  241),  80  that,  ill  the  equation  for  the  equilibrium, 

(0.996)  HCiH»0,t5  H+  (0.004)  -f  CHA'  (0.004), 

the  relative  proportions  are  as  shown  by  the  numbers  in  parenthe- 
Bis.  If  the  whole  of  the  acid  (60  g.)  were  ionized,  there  would  bo 
1  £.  of  hydrogen-ion  per  liter.     Yet,  even  in  the  much  siiuiller 
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conceutrAtiou  actually  present  (0.004  g.  per  liter),  the  odd  taste  of 
the  H+-  ftod  it»  effect  upon  indicator!!  can  be  distinctly  pecognined. 
If,  now,  8otid  Hxliuin  iiootat4>  is  diitsolved  in  the  solut  ion,  the  liquid  no 
h»mergivet  aw  acid  reaction  with  one  of  the  ]css  delicate  iiidicatora, 
like  in«th,vl  orange  (p.  258).  The  explanation  is  simple.  Bodium 
acetate  is  highly  ionized.  It  gives,  therefore,  a  It\rge  coDoentra- 
tion  of  acetate-ion  to  a  liquid  formerly  containing  very  little. 
This  oauspB  a  grejilly  increased  union  of  the  H"*^  ions  and  f'^HjOi" 
ions  to  occur,  and  the  former,  being  already  very  few  in  number, 
disappear  ahnost  entirely.  Hence  the  solution  becomes,  to  all 
int«nt«  and  purposes,  neutral.  There  is  no  less  acetic  add  present 
than  t>efore,  but  the  concentration  of  hydrogen-ion  is  very  much 
smaller. 

Formutation  and  Quantitative  Treatment  of  the  Caae  r^ 

Exceaa  of  One  ion.  —  If  the  .senii-niallieniatioal  mode  of  fonuu- 
lating  an  equilibrium  (p.  184),  tm  tippllcd  to  the  case  of  an  ionugen 
(p.  238),  be  employed  here,  the  foregoing  general  statements  may 
be  made  more  precise  and  the  cnnchision.t  clearer.  If  [H*]  and 
[CiHjOi"]  represent  the  molecular  coiuxntrations  of  hydrogen-ion 
and  acetate-ion,  respectively,  and  [Hf'jHjO,]  that  of  the  acetic 
molecuiei!  at  oquilibrium,  then: 

[H^]  X  [CaH.Orl  _  „  I 

[HC,IW),1 

The  value  of  A'  is  constant,  whether  the  strength  of  the  solution  of 
acetic  acid  Is  great  or  small,  and  even  when  another  substance  with 
a  coiimion  ton  is  present.  In  the  latt«r  case,  ICjHiOr]  and  [H"*^! 
stand  for  the  whole  concentrations  of  each  of  these  ionic  substanoca 
from  both  sources. 

Now,  in  normal  acetic  acid  (H+1  =  0.004.  If^HjO,"]  =  O.OO-I  (for 
the  number  of  each  kind  of  ions  is  the  same),  and  (HCiHiOg}  = 
0.900,  practically  1.    Substituting  in  the  formula: 

«-^-5^  =  K(=  0.0,16).  I 

When,  however,  fHxlium  acetate  is  dissolved  in  the  liquid  untJl  the 
solution  is  normal  in  respect  to  this  substance  aUo,  the  followinf 
additional  equilibrium  has  to  be  considered: 

(0.47)  NaCHjO,  ;=*  Na*^  (0.53)  -f  CjH^"  (0.53).  i 
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The  concentration  of  acctuto-ioo  from  this  source  \s  0.53,  so  that,  in 
the  mixtun:  of  acid  and  salt,  the  conccntnition  of  acetate-ion 
[CHjO,"]  will  bt!  0.53  +  O.OOt  =  0.534,  or  ocarly  134  times  largeir 
than  in  the  acid  alone.  Honce,  in  order  that  the  product  (H*]  X 
[C-HiOi")  may  recover,  an  it  must,  a  value  much  nearer  to  the  oil 
one,  (H'^l  muitt  bv  diminished  to  something  like  lij  uf  its  formi; 
magnitude.    That  is,  [H+I  will  become  equal  to  about  0.00003. 

0.00003  X  0.5^  ^^^^p^,^^^ 

the  rest  of  the  hydrt^en-ion  uniting  with  a  corrcaponding  amoun' 
of  the  acetate-ion  to  form  molecular  acetic  acid.  The  effect  of 
adding  this  ainoimt  of  »odiuiit  acetati^  therefore  is,  ax  we  have 
seen,  to  reduce  the  conccntrntion  of  the  hydrogen-ion  below  the 
amount  wtiich  CAn  be  detected  by  use  of  an  indicator  like  methyl 
orange. 

This  effect  is  of  course  reciprocal,  and  the  iouisalion  of  the 
eodiuin  acetate  will  be  reduced  also.  But  t  he  acetate-ion  funiislied 
by  the  acetic  acid  is  relatively  so  small  in  amount  (0.00003  ajiaiust 
0.53)  that  tlic  effect  it  produces  on  the  iouisation  of  the  salt  ia 
imperceptible. 

It  will  be  noted  that  the  acetate-ion  and  bydrogcn-ion  disappear 
in  equivalent  quantities,  for  they  unite.  There  is,  however,  so 
much  of  the  former  that  the  loss  it  sustains  goes  unremarke<l,  while 
there  is  so  little  of  the  latter  that  almost  none  of  it  remains,  ^\'ben 
substances  of  more  nearly  equal  degrees  of  ioniiation  are  used, 
both  ejjtctn  are  equally  inconapicuowi.  Thus,  sodium  chloride  and 
hydrogen  chloride  in  normal  solutions  ^'ield  approximately  equal 
concentrations  of  chloride-ion  (0.7S4  and  0.6fi).  Ilenoe,  if  one 
mole  of  soilium  chloride  were  to  be  dissolved  in  the  portion  of  watet 
already  containing  one  mole  of  hydrogen  chloride,  the  concen 
tion  of  the  chloride-ion,  at  a  very  rough  estimate,  would  be  nearl 
doubled.  If  this  douliling  of  the  concentration  of  cbloride-jon' 
almost  halved  that  of  tho  hydrogen-ion  (0.7M),  in  order  that  the 
expression  [CP]  X  [H+J  -i-  [HCl]  might  rcmab  constant,  the 
concentration  of  the  hydrogen-ion  would  still  be  about  0.400  and 
therefore  100  times  as  great  a£  in  molar  acetic  acid.  It  is  thus 
altogether  impossible  to  reduce  the  concentration  of  the  hydrogcn- 
iou  ^ven  by  an  active  acid  like  hydrochloric  add  below  the  limit 
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at  which  indicators  are  affected,  for  there  is  no  way  of  introducing 
the  enormous  concentration  of  the  other  ion  which  tii«  tiieoiy 
deuuiiids. 

With  more  crude  means  of  observation  than  indicators  afford, 
effects  like  this  last,  may  sometimes  bo  rendered  vi«ibk'.  This  was 
the  case  with  cuprie  bromide  solution,  to  which  putiutsium  bromide 
was  added  (p.  250).  Tlie  blue  of  the  cupric-ion  disappeared  from 
vi«w,  wliilc  muoli  cui)ric--ioii  was  still  present,  because  the  brown 
color  of  the  molecular  cuprie  bromide  covered  it  up  completely. 

Special  Casti  o/  Saturated  Solutions.  —  Th«  oommoncst  as 
w«ll  as  the  most  interesting  iipplicutiou  of  the  conceptions  d<v 
vdoped  above  is  tiiet  with  in  connertiuii  with  snturntod  solutions, 
especially  those  of  rehitivcly  insoluble  sub^laiiciNt. 

The  situation  iti  a  system  consisting  of  the  saturated  solution 
and  cxoe.ss  of  the  aohite  ha.s  been  iliscii»*ed  already  (w^ad  p.  127). 
In  the  ca.se  of  (wtajwium  chlorate,  for  eJtam|)le,  we  have  the  follow- 
ing scheme  of  equilibria: 

KCIO,  (solid)  i=t  KaO,  (dslvd)  p^  K+  +  CIOi".  J 

Solution  of  the  solid  is  promoted  by  the  solution  pressure  of  the 
molecules,  while  it  is  opposed  by  the  osmotic  pressure  of  the  dis- 
solved substance,  and  the  solution  is  saturated  when  these  tenden- 
cies produce  ctgual  effects  (p.  128) .  Now  it  must  be  noted  that  the 
tendency  tHrediy  opposed  to  the  solution  pre»urc  is  the  parUat 
osmotic  prcsfflure  of  the  dissolved  moleculai  alone.  The  chief  con- 
(4^11  tji  of  the  solution,  the  molecules  and  two  kinds  of  ions  of  the  suit, 
and  any  foreign  tnateriid  that  may  be  present,  are  like  a  mbcturv  of 
gnses,  and  the  principle  of  partial  pressure  (p.  72)  is  to  be  appUed. 
The  ions  and  the  foreign  material  do  not  deposit  thcin»i-ive»  upon 
the  solid,  and  take,  therefore,  no  part  directly  iu  the  equilibrium 
which  controls  solubility.  In  ro«r>ect  to  this  the  ions  are  them- 
selves foreign  substance-s.  Uencv  the  conclusion  may  be  stafd 
that,  In  lolutloiu  laturatvd  M  a  givta  ttiaptnixu*  by  a  giv«n  aohit*, 
th«  ooncvntration  of  the  dUaolvad  mol«culm  ot  ttw  Hlutft  conald- 
•rod  b7  thenuelves  will  ba  conatant  wbaMffr  otlMT  labttMieeB  may  b« 
ptHBnt. 

The  total  "solubility"  of  a  substance,  as  we  have  used  the  t«nn 
hitherto,  is  made  up  of  a  mok>cular  and  an  ionic  part.     The  latter, 
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as  we  shall  preseatly  Bee,  is  not  eoostant  when  a  foreign  substance 
contauiinjc  a  roromon  ion  i»ftlread>-  in  tbe  liquid.  ?tncc  the  treat- 
ment of  the  subject  requires  us  now  to  ctistiDgui»h  bt-twii-n  the  twti 
portions  of  tbe  solute,  a  diagram  (Fig.  117)  will 
aasnt  in  emph!isi«ng  tbe  di^tinotton.  The  ma- 
terial at  the  bottom  is  tbe  salt.  The  mole- 
cules imd  ions  are  to  be  thought  of  as  being 
mixed  and  as  being  present  in  numbers  repre- 
sented by  tbe  factors  n  and  m.  Since  no  foreign 
body  is  present,  tbe  two  ions  in  this  case  ue 
eqtial  in  number. 

When  we  now  apply  these  ideas  to  tbe  mathe- 
matical expre««ion  of  the  relation: 

f«.  iiT.  [Kcia] 

we  perceive  that,  in  a  mttumted  solution,  [KCIOi],  the  coDccntra- 
tion  of  the  molecules,  is  eoiutant.    Transposing,  we  have 

IK+]  X  (CI0,-1  =  itfKCIO,!  =  K', 

lleniK  the  relation  leads  to  the  important  conclusion  that.  In 
saturated  solution,  tbs  product  of  tbe  molar  concentiatlons  of  the 
Ions  la  constant. '  Tliia  product  is  called  the  ion-product  constant 
for  the  substance.  The  law  of  the  constancy  of  the  ion-product 
in  a  saturated  solution  hs  uuc  of  the  most  useful  of  the  principles  of 
chemistry.  It  enables  us  to  explain  all  the  \-!U'ied  phenwDcma  of 
precipitation  and  of  the  solution  of  procipitntc«  in  a  consistent 
maimer.  These  applications  of  the  principle  >vill  be  cxpliuncd  in 
tbe  next*  chapter.  One  curious  kind  of  pre<ripilntiou  will  be  de- 
scribed here,  however,  us  an  illustration  of  the  use  of  the  principle. 

tllustration  of  the  Principle  oj  fan-Product  Conalanry.  — 

When,  to  a  solvratcd  solution  tif  one  uf  the  less  soluble  salts,  a 


*  The  principlp  of  conrtwnt  conwintrnlioo  of  diwialvod  molecules, 
above,  has  bt*n  attvnta  to  expraas  the  fad*  very  inaoouratdy.     Now 
pffinciptn  of  thr  coostnncy  of  the  ratio  of  tlic  ion-produirt  to  the  cuiiceDtmlioa 
of  the  nto]<>culce  is  also  uiaccurato  in  the  case  of  biichly  ioniicd  siilMtnnrrs, 
yet  ill  auih  a  wuy  tlint  the  two  errons  neutrulum  uiii^  niiuther.   'Thus, 
jirincipli!  of  iDn-pnxliiRl  coiwlonrry  hciv  given  bi  in  itw-if  fiiirly  i^xact. 


HMt«d  H 
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Btnmg  solution  of  a  very  soluble  salt  havinfc  one  ion  in  common 
with  the  fiiBt  salt  is  added,  prMipitation  of  the  first  Halt  frequetttly 
taknt  place.  This  happens,  for  example,  with  a  imturat«d  solution 
of  potassium  chlorate,  which  is  not  very  soluble  (molar  solubility 
0.52,  see  Table).  The  concentrations  [K+1  and  (ClOj"]  being  snmll, 
ouc  may  easily  increase  the  value  for  one  of  the  ions,  say  [C10»~], 
fivefold,  by  adding  a  chlorate  which  is  sufficiently  soluble.  To 
preserve  the  value  of  the  product  [K+l  X  [ClOj"],  the  value  of 
[K*]  will  then  have  to  be  diminished  at  once  to  one-6fth  of  it« 
former  value.  This  can  occur  only  by  union  of  the  ionic  mattTia] 
it  represents  with  an  equivalent  amount  of  that  for  which  [CIO,"] 
stands.  Tile  molecular  material  so  produced  will  thus  tend  at  first 
to  swell  the  value  of  [KClOi].  But  the  value  of  [KC10j|  cannot  be 
increased,  for  the  solution  is  already  saturated  with  molecules,  so 
that  the  n»w  supply  of  molecules,  or  others  in  equal  numbcni,  will 
be  predplt&ted.  Hence  the  ionic  part  of  the  dissolved  substanoe 
may  be  diminished,  the  equilibria  (p.  4ti9)  may  be  partially  rft- 
vereed,  and  we  may  actutJIy  preeipitato  a  part  of  the  disserved 
material  without  introducing  any  substance,  which,  in  the  ordinary 
Bense,  citn  interact  with  it. 

In  point  of  fact,  when,  to  a  stituratcd  solution  of  potassium 
chlorat«  there  is  nddc<I  a  saturated  solution  of  potussium  chloride 
KCl  (mohir  solubility,  3.9)  or  of  8uilium  chlorat«  NaCIOj  (molar 
solubility,  6.4),  a  precipitate  of  potas»um  chlorate  !.■*  thrown  doivn. 
Those  two  salts,  each  containing  one  of  the  ions  of  KClOj,  ami  Iwing 
much  more  soluble  than  the  tatter  (see  Table),  increase  the  con- 
centration of  one  ion  and  cause  the  precipitation  in  the  fashion 
jii^t  e.xplained. 

The  product  of  the  concentrations  of  the  ions,  for  example  [K*] 
X  [Cl(>i~],  is  called  also  the  solubility  produot,  because  these  two 
values  jointly  determine  the  magnitude  of  the  solubility  of  the 
substance.  The  solubility  of  the  molecules  is  irreducible,  but  the 
ionic  part  of  the  dissolved  material  may  become  vanishingly  small 
if  the  value  of  either  P£+]  or  fY")  is  very  minute.  The  ionic  part 
of  any  particular  substance  is  made  up  of  the  smaller  of  the  two 
concentrations  of  the  ionic  substances  which  it  yields,  plus  an 
equivalent  amount,  and  no  more,  of  the  concentration  of  the  other 
ion.  The  rest  of  the  other  ionic  substance  is  part  of  the  solubiUty 
of  some  other  component. 
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Other  niuatrationa.  —  The  precipitatioQ  of  sodium  cblorido 
from  a  saturated  solution,  by  the  introduction  of  gaseous  iiydiogen 
chloride  (p.  438),  in  to  be  explained  in  the  same  manner.  The 
equiUhria:  M 

NaQ  (solid)  j^  NaG  (dslvd)  *^  Na+  +  CI"  ' 


are  reversed  by  the  introduction  of  additional  CI'  from  the  ve 
Boluble^  and  highly  iomsed  HCl. 

A  steady  stream  of  hydrogen  chloride  is  often  ohUiini'd  by  drop-" 
ping  concentrated  sulphuric  .icid  into  saturated  hydrochloric  acid^ 

H+  +  Cr  T±  HCl  (dslvd)  ?=  Ha  (gas). 


rop-^i 


The  effect  is  due  in  part  to  repressioa  of  the  ionization  of  the  hydro- 
gen chloride  and  elimination  of  molecules  of  the  gas  from  the  water 
which  is  already  saturated  with  molecules  of  the  Kame  kind. 

The  formation  of  potassium  hydroxide  (p.  446)  ceases  when  a 
certain  conw-ntration  has  Ijecn  ri^ached.  This  occurs  because  the 
concentration  of  0H~,  which  rapidly  incrcasett,  is  a  factor  In  the 
solubility  product  of  calcium  hydroxide,  [Ca^*^]  x  [0H~]*.  With 
much  0H~,  little  Ca++  is  required  to  give  the  constant,  numerical 
value  of  the  product.  When  tlie  concentration  lCa++]  from  the 
hydroxide  has  become  about  as  small  as  that  from  the  earbouat«, 
the  motive  for  the  interaction  has  been  removed.  ThLt  principle 
is  thus  as  important  in  industrial  operations  as  it  ia  in  analytical 
and  other  laboratory  experimentation. 

ExerdMea.  —  1.  The  vapor  density  of  sodium  peroxide  has  not 
been  determined.     Why  is  the  formula  NajO,  assigned  to  it? 

2.  Construct  a  scheme  of  equilibria  (p.  271)  showing  the  hy- 
drotyas  of  calcium  sulphide.  Why  does  the  presence  of  calcium 
hydroxide  diminish  the  tendency  to  hydrolysis  (p.  461)? 

3.  What  will  be  the  effect  cf  adding  a  concentrated  solution  of 
silver  nitrate  to  a  saturated  solution  of  silver  sulphate  (sec  Table 
of  solubilities)? 

4.  Although  a  20  per  cent  solution  of  soap  can  easily  be  made, 
A  0.5  per  cent  solution  can  be  salted  out  (p.  417).  How  does  tliis 
fact  show  that  salting  out  is  rwl  an  operation  like  the  precipitattoitt 
just  discussed? 


CHAPTER  XXXVI 
THE  MST&IXIC  BLKHKKT8  OF  THE  ALEAUNE  EARTHS 

The  Chemical  Relations  of  the  Elements.  —  The  familiar 
RietaU  of  this  group,  calcium  (Ca,  at.  vt.  40.1),  rtronttum  (Sr,  at. 
wt.  87.6),  and  barium  (Bu,  at.  wt.  137.4),  coostitute  a  typical 
cbemicol  family,  both  in  the  qualitative  rcsfrmblance  to  one  an- 
other of  the  elcmcutft  ant]  of  the  currespouding  compounds,  and 
in  the  quantitutivi;  variation  in  the  properties  with  increasing 
atomic  weight.  The  mctuls  thcnueh'es  displace  hydrogen  vigor- 
oufily  from  cold  water,  giving  hydroxides.  The  solutions  of  these 
hydroxides,  although  dilute,  on  account  of  a  rather  xumll  solu- 
bility, are  stron^y  alkahne  in  reaction.  The  high  degree  of  ion- 
ization of  the  hydroxides  recalls  the  h^'droxides  of  the  metals  of 
the  alkulitrt!,  and  their  relative  insolubility  the  hydroxidea  of  the 
"earths"  {q.v.). 

In  all  their  compounds,  calcium,  Dtrontium,  and  barium  are 
bivalent.  The  hydroxiilt^  are  formed  by  union  of  the  oxides  with 
water,  and  are  progrf'-tsively  !««  easy  to  decompose  by  heating, 
barium  hydroxide  being  the  hardest.  The  carbonates,  when 
heated,  yield  the  oxide  of  the  metal  and  carbon  dioxide,  barium 
carlKinate  being  the  most  difficult  to  decompose.  The  nitrates, 
wtion  heated  moderately,  give  the  mtrites,  but  the  latter  are 
broken  up  by  further  heating  and  yield  the  oxide  of  the  metal, 
and  nitrogen  tetroxide.  In  these  and  other  respects  the  com- 
pounds of  the  metab  of  the  allcaltne  earths  resemble  those  of  the 
heavy  metals  and  differ  from  those  of  the  metals  of  the  alkalies. 
Barium  approaches  the  latter  most  nearly. 

The  table  of  aolubilitica  (q.v.)  shows  that  the  chlorides  and 
nitrates  of  calcium,  ntrontiimi,  and  barium  are  all  soluble  in 
water,  the  solubility  diminishinK  in  the  order  given.  The  sulphates 
and  bydroxidea  cover  a  wide  range  from  alight  solubility  to  ex- 
treme inaolubility.  Of  the  sulphates,  2100,  110,  and  2.3  parta, 
respectively,  dissolve  in  one  million  parts  of  water.    In  tbe  case 
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of  the  hydroxides  the  order  of  in»g;Ritud<>-  is  reversed,  mid  the  cor- 
respoiidiiig  mimliera  are  200,  630,  and  2200.  The  carboriAtvs  Are 
almost  as  inoohible  as  in  barium  sulphat«.  Radium  (Ra,  at. 
226)  lielongs  to  this  family  (see  luider  Uranium). 

CALauM  Ca 

Occurrence.  —  The  Quoride,  and  the  various  forms  of  the  car-? 
boimU',  Gulphate,  and  phu^phali;,  wtiich  are  fouiid  iii  oature,  are 
described  Ix'low.     A»  eilieate,  caHum  occurs,  aloug  with  othi 
metuls,  ill  many  nunerals  and  rocks.    Compounds  of  the  clcmv 
arc  found  abo  in  plants,  and  in  the  bones  and  shells  of  aiiiiiialx. 


are 


The  Metal.  —  Calcium  is  made  by  electrolysis  of  the  molten 

chloride.  A  hollow  cylinder  made  of  blocks  of  carbon  bolted 
together  and  open  above,  forms  the  anode.  A  rod  of  copper 
hanging  so  that  its  end  dipn  into  the  melt  forms  the  cathode. 
The  nn^ltiiiR  of  the  anhydrous  calcium  chloride  with  which  the 
cylinder  is  filled  is  started  by  means  of  a  thin  rod  of  carbon  laid 
across  from  the  anode  to  the  cathode.  When  the  heat  getberated 
by  the  passage  of  the  current  through  this  highly  resisting  medium 
has  mette<i  a  sufficient  amount  of  the  salt,  the  rod  is  removed,  and 
the  re.tiatance  of  the  fused  material  suffices  to  maintain  the  t«o- 
perature.  The  calcium  rises  round  the  cathode  and  collects  on 
Uie  surface  of  the  bath.  Jiy  elowly  elevating  the  copper  cathode, 
the  calcium,  which  adheres  to  it,  may  bo  drawn  out  of  the  fused 
ma.'ts  in  the  form  of  a  gradually  lengthening,  irregular  rod.  The 
rod  of  calcium  is  kept  constantly  in  contact  with  the  meta] 
which  accumulates  on  the  surface,  and  thus  forms  one  of 
electrodes. 

Calcium  is  a  silver-white,  crystalline  metal  (m.-p.  800°.  ap 
1.55)  which  is  a  little  harder  than  lead,  and  can  be  cut,  drawoj' 
and  rolled.  It  interacts  rapidly-  with  water.  When  heated  it 
unites  vigorously  with  hydrogen,  oxygen,  the  halogens,  and 
nitrogen.  On  this  account  it  is  used  in  producing  a  hi^  degree 
of  eviicuation.  It  burns  in  the  air,  giving  a  mixture  of  the  oxide 
and  nitrldo  CajNt.  The  presence  of  the  tatter  may  be  shown  by 
the  liberation  of  ammonia  when  water  is  added  to  the  residue: 

Ca^j  +  6HjO  -•  SCaCOH),  +  2NH,. 
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H       A  white  cryetnlliuc  hrdrido  OaHt  is  formed  by  direct  union  of 
H  tlie  cuostituents.    It  is  known  in  commerce  as  fardrolrt*.     It  ia 

an  expensive,  but  portable  source  of  hydrogen  for  fillinK  war 

balloons: 

fCaH,  +  2H,0  -.  Ca<OH)i  +  2Hr 
Calcium  Chloride  CaCU.  —  This  salt,  for  which  there  is  no    , 
extensive  commercial  application,  is  formed  as  a  by-product  iD 
matfy   indui^trial  D[KTHtiuiis.     Thus,   it   ia  a   by-product  of  the 
H   Solvay  Hoda  process  (p.  461).     By  evaporation  of  any  solution, 
the  hasahydrata  CaCl|,6HiO  is  obtained  in  large,  deliquescent, 
six-sided  prism!).     On  account  of  the  great  concentration  of  a 
^L   saturated  suKition  of  thLi  eonipound,  the  solid  and  solution  do 
^    not  reach  a  condition  of  etiuilibriuiii  with  ic«  (ef.  p.  134)  until  the 
temperature  has  fallen  below   —50°,     The  Solvay  process  brine 
(pi.  462)  when  mixed  with  ice,  gives,  therefore,  a  very  efficient 
freezing  mixture.    On  account  of  its  deliquescent  rfaaractcf,  the . 
solid  salt  is  sprinkled  on  roads  to  lay  tbc  dust. 

Calcium  chloride,  partly  d«hjdr»Ud  by  bcatmg,  OaCl,,2HtO, 
forms  a  porous  mans  which  i*  usitl  in  cliemioiLl  laboratories  for 
(Ir>-ing  0ises  and  liquids.  When  complete  <lehydration  is  »t- 
t4>mpt<e<l,  the  salt  interacts  with  the  water,  giving  some  calcium 
oxide. 

Calcium  chloride  form.s  comitoimds,  not  only  with  water,  but 
also  with  ammonia  (('a('ls,8XH])  and  with  alcohol.  For  drying 
tbeee  substances,  therefore,  quicklime  is  employed. 


Calcium  Fluoride  CaFa.  —  This  compound  occurs  in  nature  as 
ituorite  or  fluor-^Mir  CaFj.  It  crystallixc*  in  cubes,  is  insoluble  in 
water,  and  when  pure  is  colorlt^ss.  Natural  specimens  oft«Q 
pOSMM  a  green  tint  or  show  a  vioka  Huorcscence.  It  is  forrnod  as  a 
precipitate  when  a  soluble  fluoride  i^  added  to  a  solution  of  a  salt 
of  calcium. 

I-1uorite  is  used  iu  the  etching  of  glass,  as  the  source  of  the 
hydrogen  fluoride  (p.  205).  It  is  easily  fusible,  as  its  name  indi- 
cAtes  (Lat.  Jtutre,  to  flow),  and  is  employed  in  mctallur^col 
operations  as  a  flux  (p.  438),  for  lowering  the  melting-point  (or 
freezing- point,  which  h  the  same  thing,  </.  p.  134)  of  the  slag  (p. 
438),  and  so  facilitating  the  separation  of  the  latt*r  fr 
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(Uilcium  Carbonate  (UtCOa. — This  oompouDcl  is  found  vety 

plentifully  in  nature.  Limetitone  is  a  compact,  iudistinctly 
cryRtalline  variety,  while  marble  is  a  distinctly  crystalline  form. 
Chalk*  b  a  deposit  consistint;  of  the  calcareous  part«  of  minut^t 
organisms.  Hfx-shells,  oyster-ahells,  coral,  sn<i  pearLt  are  other 
varieties  of  organic  origin.t  Calcite  and  Iceland  spar  (Ot>r. 
spaUen,  to  split)  are  pure  crj-Ktallixed  calcium  carbonalf.  The 
former  occurs  in  Hat  rbombohedrons,  or  in  painted,  six-sided 
crystals  (Fig.  43,  p.  83)  (scalenohedrons)  of  "dog-tooth"  spar,  be- 
longing to  the  same  sj-stem. 

When  heated,  calcium  carbonate  dissociates,  (^ving  carbon  dioxide 
and  quicklime: 

CaCO,f:iCaO-|-CO,. 

At  ordinary  temperatures  the  decomposition  is  impeKeptible. 
On  the  contrary,  atmospheric  carbon  dioxide,  in  spite  of  ita  vci>" 
low  partial  pressure,  combiacs  with  quicklime,  Ki\TnK  "air- 
slaked"  lime,  A«  the  temperature  rises,  howe\'er,  tbo  t«iulon  of 
carbon  dloxid*  t-uiiiii>^  fn>iii  the  carlxtnatc  increases,  and  has  a 
&Md  nlua  tor  Mcb  t«mp«rattu«.  tf  it  is  continuously  allowed  to 
escape,  so  that  the  nuiximuiii  pressure  is  not  reached,  the  whole 
of  the  salt  e%'entually  decomixw^'s.  At  700°  the  pressure  is  only 
25  nim.,  at  900'  it  reaches  an  atmosplitTe,  and  at  950"  two  atmos- 
pheres. The  phenomenon  \»  prfci»ely  similar  to  the  dissociation 
of  a  liydratc  (p.  96)  and  to  the  evaporation  of  a  liquid  (p.  88). 

Limestone  is  soluble  in  water  containing  carbonic  acid,  giving 
caJdum  bicarbonate  (p.  384,  also  see  p.  489).  By  solution  of 
limestone,  caves  are  often  formed.  Conversely,  subterranean 
water  containing  the  bicarbonate,  when  it  reaches  such  a  ravem, 
loses  carbon  dioxide  and  depasit.s  calcium  carbonate  as  stalaedtw 
or  columns  hanging  from  the  ceiling.  The  drippings  form  atalag- 
mit«s  on  the  floors. 

Limestone  is  used  in  the  manufacture  of  quicklime  {q.v.)  and  of 
glass.  It  is  employed  largely  as  a  flux  in  metallurgy,  when  min- 
erals rich  in  silica  arc  brought  into  fusible  form  by  the  production 
of  calcium  silicate  CaSiOi-  I-Argc  amounts  also  find  application 
as  building-stone. 

•  RlftckbiMird  "  crayon  "  is  usually  tnnAv  of  gypsum  and  nol  of  r.haik. 
t  Tbe  hard  coverings  of  (-ruNtacpa  aiid  iiispou  an;  pot  mitdc  of  this  sub* 
stance,  but  Qf  an  organic  material  called  cutla. 
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Calcium  Oxide  antt  Hydroxide.  —  Pure  oxidQ  of  ealcltun  CsO 
(qulektlma)  may  be  made  by  igiiitioD  of  pure  marble  or  caldte. 
For  commercial  purposes  limestone  is  converted  into  quicklime 
in  kilns  (Fig.  118).  The  flames  anil  heat*d  gases  from  the  fire 
piuM  between  the  pieces  of  limestone,  and  the  carbon  dioxide 
liberated  is  carried  off  by  the  draft. 
When  the  gas  is  to  ho-  used  in  the 
Solvay  process  or  in  the  refining  of 
sugar,  coke  (smokeJeas),  instead  of 
coal,  is  employed  as  the  fuel.  As 
low  a  temperature  as  possible  is 
used.  A  high  temperature  causes 
impurities  in  the  limestone  (e.g., 
clay)  to  interact  with  the  quick- 
lime, giving  fusible  silicates,  which 
fill  the  pores  and  interfere  with 
the  subsequent  slaking  with  water. 
Since  the  change  tn  reversible,  if  the 
gas  lingens  in  the  kiln  (at  760  mm. 
prcMUie},  a  temperature  over  900° 
ifl  required  to  drive  the  action  forward  (p.  476).  Hence,  a  good 
draft.,  which  removes  the  gas  as  fast  an  it  is  formed,  permits  the 
u»c  of  a  lower  temperature. 

Pure  calcium  oxide  is  a  white,  porous  itolid.  It  is  barely  fuabte 
in  the  oxyhydrogcn  flume,  but  may  be  rnclted  and  boiUid  in  the 
electric  arc.  It  is  not  reducible  by  sodium,  or  by  carbon  excepting 
at  the  temperature  of  the  electric  furnjiec. 

When  water  is  poured  upon  quicklime,  it  is  first  absorbed  into 
the  pores  mechanically,  and  then  unites  chemically  to  form  olotum 
hrdroild«Ca(OH),: 

Ca0  +  H,0t5Ca(0H),. 

I'he  product  is  a  bulk)*  powder.  Much  heat  is  evolved,  and  part 
of  the  water  ia  turned  into  steam.  The  change  is  reversible,  and 
at  a  high  temperature  the  hydroxide  can  be  dehydrated. 

Calcium  hydroxide  is  slightly  soluble  in  water:  1  part  in  600 
parts  of  water  at  IS",  about  twice  as  much  water  being  required  at 
100".  The  solution,  relatively  to  its  concentration,  is  strongly 
alkaline.    On  account  of  it«  cheapneaa,  tbia  subetanoe  is  uav'  ' 
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ituLDufncturcra  in  almost  all  operations  rcquLrbg  a  baw,  and 
thu)^  oi-cupkts  the  @amc  patition  nniong^t  htxsra  that  sulphuric  add 
dot's  umoQgitt  acids.  Caustic  lime  is  employed  in  the  manu- 
facture of  alkalies  (p.  446),  bloaclviig  powdej-,  nod  morlur  (seo 
below),  the  removal  of  the  hair  from  hides  io  preparation  for 
tumiiiig,  the  softenuig  of  water  (see  below)  oud  as  a  whitcwatib. 

Mortar.  —  Mortar  is  made  by  mixing  water  with  slaked  limol 
and  II  large  proiwrtion  of  sand.  The  "hnrdeniug"  process  con-j 
sii<t«  in  an  interaction  of  the  carbon  dioxide  of  the  lur  with  the] 
calcium  hydroxide; 

CO,  +  CaCOH),  -» CaCO,  +  H,0. 

After  the  superGciat  parts  have  bc«n  changed,  the  process  goes  on  | 
very  slowly,  and  many  ycara  are  required  before  the  deeper] 
layers  have  bcon  transformed.  The  minute  crystals  of  calcite 
which  arc  formed  are  interlaced  with  the  sand  particles,  and  a 
rigid,  >'ct  porous  mass  is  produced.  The  "hardening"  does  notl 
begin  until  the  excess  of  watur  used  in  making  the  mortar  haa] 
evaporated,  and  hence  ordinary  mortar  li  uusuituble  for  use  ia| 
damp  places  such  as  cellars. 

Calcium  Oxalate  CaC^f  —  This  salt  may  be  observed  under  i 
the  microscope  in  the  cells  of  many  plants.     It  appears  in  the 
form  of  nccdlc-!<haix'd  or  of  granular  crj-atals.     Since  it  is  the 
least  soluble  salt  of  calcium,  its  formation  by  precipitation  is  uaedj 
as  a  test  for  calcium  ions. 


Theory  oj  Precipitation.  —  The  precipitation  of  calcium  oxa-| 
late  CaCjO*,  just  referred  to,  is  a  typical  one  and  may  be  used  to.1 
illustrate  the  application  of  ton-product  constancy  (p.  470}  tof 
explaining  the  phenomenon.  The  sanie  explanation  serve*  for  allj 
precipitations  of  ionogens. 

The  first  thing  to  be  remembered  is  that  the  precipitate  which 
we  observe,  however  insoluble  its  material  may  Ije,  does  not 
include  all  of  the  substance,  but  only  the  excess  beyond  what  ia 
required  to  saturate  the  water.  Th«  liquid  larroundlsf  tlia  pr*- 
dpltat*  U  always  a  saturatsd  solution  of  th*  lubstacce  prcdpltatad. 
If  it  were  not  eo,  some  of  the  precipitate  would  diasolvc  until  tboj 
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liquid  became  saturated.  Thus,  for  example,  when  we  add  am- 
tnonium  oxaUt«  solution  to  calcium  chloride  Bolution: 

^"•'caaS'aCl^  cl-"  1  «=»CaCA(d«lvd)^CaCO.{«>Ud). 

UiB  liquid  is  a  saturated  solution  of  calcium  oxalate,  with  the  excess 
of  this  salt  suspt-ndcd  in  it  fu<  a  prefi|ii(»t«. 

Looking  at  the  matter  from  tbiM  view  |)oii)t,  wc  perceive  the  ap- 
plication of  the  rule  of  ion-product  conmCaiicy.  In  thiit  xalurated 
solution  (p.  470)  the  product  of  the  ion-concentrationn,  [Ca^^l  X 
(C|Oi=],  is  constant.  If  the  original  ewlutiona  had  be«n  so  very 
dUute  that,  when  they  were  mixed,  the  product  of  the  conwntra- 
tions  of  the^  two  ions  had  not  reached  the  value  of  this  constant, 
no  precipUatuin  would  have  occurred.  As  a  matter  of  fact  the  ion- 
pruduct  considerably  exceeded  the  requisite  value,  and  hence  the 
salt  was  thrown  down  until  the  balance  remainhif;  ^ve  the  value 
in  question.  The  rule  for  preelpltaUon,  then,  in  as  follows:  Whoii- 
•vsr  tha  product  of  tbo  conceDtraUons  of  any  two  ioiu  in  a  mixtura 
uceedi  the  v&lue  of  the  ion-product  in  a  saturated  Bolutloa  of  th« 
compound  fona«d  bf  their  union,  this  compound  will  be  prvdpl- 
t&ted.  Naturally  the  subetances  with  small  soluhiUtie.%  and  there* 
fore  small  ton-product  constantfl,  are  the  on^a  moat  frequently 
formed  aa  precipitates. 

In  the  caae  of  calcium  oxalate,  the  molar  solubility  (see  Table) 
ie  0.0)43.  In  so  dilute;  a  solution  the  substance,  beinj;  a  salt 
(p.  242),  must  be  practically  aU  ionised.  Each  molecule  givea 
one  ion  of  each  kind.  The  molar  concentrations  of  these  ionic 
substances,  Ca"*^  and  C,Ot=,  in  the  sotution,  when  the  solid  is 
aUo  prestnt,  must  therefore  be  (practically)  0.0443,  each.  The 
pniduct  [Ca+*|  X  [C,0,=)  is  thus  equal  to  0.0(43  X  0.0<43  or 
0.0tlS5.  If  in  mixing  the  solutions,  exactly  equivalent  quan- 
tities were  not  employed,  the  values  of  the  two  factors  n-ill  not 
be  equal,  but  the  product  will  in  any  case  posse«8  this  value. 

Ruttifor  Solution  of  SubaUmcva.  —  The  rule  for  solutloD  of 

any  ionogcu  follows  at  once  from  the  foregoing  considerations,  and 
may  be  formulated  by  changing  a  few  of  the  words  in  the  rule  just 
given:  Whenever  the  product  of  the  concentration!  of  any  two 
toiu  lo  a  mixture  Ut  le»a  than  tlM  nlue  of  the  loo-product  In  a 
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nturftt«<l  Bolution  of  Uis  compound  formad  b^  tb«fr  union,  thii 
compound,  if  praseiit  in  the  uMil  foiiii,  will  be  tUMsotred.  Wlii-ii 
applied  to  the  aimplcst  case,  this  rule  meana  tli&t  a  subiitance  will 
iliasolve  in  a  liquid  not  yet  saturated  with  it,  but  will  not  tUsaotve 
in  a  liquid  already  saturated  with  the  same  material.  The  value 
of  the  rule  lies  in  its  application  to  the  less  Etimple,  but  equally 
common  cases,  such  aa  when  an  insoluble  body  la  dissolved  by 
interaction  with  another  substance  (next  section). 

Applications  of  the  Rule  for  Solution  to  the  Solution  of 
Irumluble  Subatancea,  —  So  long  as  a  substance  remaina  in  pure 
water  its  solubility  la  fixed.  Thus,  with  calcium  hydroxide,  the 
syatem  comes  to  equilibrium  at  18°  when  0.17  g.  per  100  c.c,  erf 
water  (0.02  moles  per  liter)  ba'VB  gone  into  solution: 

Ca(OH),  (solid)  t?  C«(OH),  (d«lvd)  tt  Ca*+  +  20H-. 

But  if  an  additional  reagent  which  can  combine  with  either  one 
the  ions  is  added,  the  concentration  of  this  ion  at  once  becomes  leas, 
the  actual  numericsd  value  of  the  ion-product  therefore  b^ins  to 
diminish,  and  further  nolution  must  take  place  to  restore  ita 
value.  Thus,  if  ii  little  of  an  acid  (giving  II'}  be  added  to  the 
solution  of  ctdcium  hydroxido,  the  union  of  Oil"  and  H+  to  form 
water  removes  the  0H~,  and  solution  of  the  hydroxide  proceeds 
until  the  acid  is  used  up.  Thert*  are  now  more  Ca"*^  than  OH" 
ions  present,  but  the  ion-prodiid  reaches  the  same  \'alue  as  be- 
fore, and  thon  the  change  oeuscs.  If  a  further  supply  of  acid  ia 
added,  the  removal  of  0H~  to  form  H5O  begins  again.  With 
excess  of  Die.  add,  the  only  stable  0H~  concentntion  is  that  which 
is  a  factor  in  the  very  minute  ion-product  of  water,  (OH")  X  (H*], 
which  is  0.0(1  X  0.0.1,  or  O.Owl.  Hence,  with  excess  of  acid,  the 
calcium  hydroxide,  which  require.s  in  general  a  much  higher  con- 
centration of  0H~  than  this  to  i>redpit^te  it  or  to  keep  it  out  of 
solution,  finally  all  dissolves. 

More  specifically,  if  we  assume  th.^t  the  calcium  hydroxide  ig 
wholly  dissociated  in  so  dilute  a  solutiou  (which  Ls  nearly  true), 
each  molecule  forms  one  ion  of  Cu*^  aiifl  two  ions  of  0H~.  That 
is,  eftch  mole  of  Ca(0H)3  gives  one  mole  of  Ca"*^  and  two  moles 
of  0H~.  As  the  saturated  solution  contains  0.02  moles  of  the 
bwe,  the  molar  concentration  (assuming  complete  diasociation) 
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of  ICa++]  is  0.02  and  of  [0H*|  is  0.04.  Now,  the  ion-product  is 
the  product  of  the  concentrations  of  all  the  ions  formed,  1.0; 
Ca^*^,  0H~,  and  OH".  The  value  of  the  product  is  therefore 
lCa*+]  X  IOH-]  X  [OIT]  or  [Ca++1  X  [OH^)^  That  is,  0.02  X 
0.04*  =  0.0*32.  Note  that  if  the  molecule  gives  two  (or  three)  iona 
of  the  same  kind,  the  wkok  concentration  of  that  ion  is  token,  and 
ia  also  raised  to  the  second  {or  third)  power. 
*  This  piirlieultir  action  is  a  neutralization  of  an  insoluble  base. 
But  the  other  kinds  of  actions  by  which  insoluble  ionogens  pass 
into  solution  all  resemble  it  closely,  and  differ  only  in  details.  The 
general  outlines  of  the  cxplauatioa  are  Ihc  same  in  every  cuse. 
Wc  proceed  now  to  apply  it  to  the  common  phenomflnon  of  the 
Kolution  of  an  insoluble  tuUt  by  un  acid. 


Interaction  of  initoluMc  SattM  with  Adds,  RvJiulUng  In 
Solution  oj  iht-  Salt. — -Calcium  oxalate  pass<»  into  solution 
when  in  contact  wilii  ncidit,  especially  active  acttb).  Thus,  with 
hydrochloric  acid,  It  ^ves  calcium  chloride  and  oxalic  ncid,  both 
of  which  urc  soluble: 


CftCiO,  T  +  2HC1 1*  CaCl,  +  H,0,Oi. 


(1) 


The  action  of  acicU  upon  insoluble  salts  i.'f  so  fr^Yjui-ntly  mentioned 
in  ehemi8tr>'  and  is  so  important  a  factor  in  anulytif-al  operations 
that  it  demands  separate  discussion.  This  example  is  &  typical 
one  and  may  he  used  as  an  illustration. 

According  to  the  rules  already  explained  (p.  479),  calcium 
oxalate  (or  any  other  salt)  is  precipitated  when  the  numerical  value 
of  the  product  of  the  concentrations  of  the  two  requbite  ions 
[Ca*+1  X  IC30(=|  exceeds  the  value  of  the  ion-product  for  a 
saturated  solution  of  calcium  oxalate  in  pure  water,  that  is,  ex- 
ceeds 0.0il85  (p.  479).  VMien,  on  the  contrarj',  the  product  of 
the  concentrations  of  the  two  ions  fftibt  below  the  limiting  value, 
a  condition  which  may  arise  from  the  removal  in  «onic  way  cither 
of  the  Ca*"*  or  of  the  CjOj^  ions,  the  tmdissociated  molecules  will 
iontie,  and  the  solid  will  dissolve  to  replace  them  until  the  ionic 
concentrations  necessary  for  equilibrium  with  the  molecules  have 
been  restored  or  until  the  whole  of  the  solid  present  is  consumed. 
Here  the  oxal»tc-ion  from  the  ciilcium  oxnlat«  eoinbinos  witlt  the 
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hydrogen-ion  of  the  acid  {usually  an  active  one)  which  haa  been 
added,  and  forms  molecular  oxalic  acid: 

CaO«=  +  2H+t5H,C^4.  (2) 

Hence,  dissociation  of  the  dittsolved  molecules  of  ralcium  oxiUati; 
proceeds,  Ixutin;  no  tonner  balanced  by  encounters  and  unions  of 
the  now  depleted  ions,  and  this  dissociation  in  turn  leatbi  to  solu- 
tion of  other  molecules  from  the  precipitate. 

It  will  be  seen  that  the  removal  of  the  ions  in  this  fasliiou  can 
result  in  considerable  solution  of  the  salt  only  wlien  the  acid  pro- 
duced is  ft  feebly  ionized  one.  Here,  to  be  specific,  the  concentra- 
tion of  the  CtO(=  in  the  oxalic  acid  equilibrium,  (2)  above,  must  be 
less  tiian  that  of  the  same  ion  in  a  siituraU-d  calcium  oxalate 
eolutioQ.  Now  oxalic  acid  does  not  belong  to  the  least  active 
class  of  acids,  and  its  pure  solution  contikins  a  considerable  oon- 
ccntriition  of  C-jO(=.  There  is,  however,  ft  dccirivc  factor  in  the 
eitualion  which  we  have  not  yet  taken  into  account.  The  hydro- 
chloric acid  which  we  used  for  dissolving  the  precipitate  is  a  very 
highly  ionized  iLcid  and  gives  an  enormously  greater  concentration 
of  hydrogen-ion  than  does  oxalic  acid.  Hence  the  hydrogcn-ioa 
is  in  excess  in  equation  (2),  and  the  condition  for  equilibrium, 

- — i,,viV.^i  *     ""  Ki  will  ^  satisfied  by  a  correspondingly  small 

concentration  of  C(0«=,  In  this  particular  case,  therefore,  the 
[CtOt— I  of  the  oxiiHc  acid  is  less  than  that  given  by  the  calcium 
oxalate.  The  whole  change,  therefore,  depend);  for  its  accomplish- 
ment, not  only  on  the  mere  pres«'nce  of  hytlrogen-ion,  but  on  Ihe 
repression  of  the  ionizalion  of  the  ox^Uic  add  by  the  groat  execss  of 
hydrogen-ion  furnished  by  Uie  active  add  that  has  been  used.  As 
a  mutter  of  fact,  we  find  that  a  we-ak  arid  like  acetic  acid  haa 
scarcely  any  effect  upon  a  precipitate  of  calcium  oxalate.  An 
acid  stronger  than  oxalic  acid  must  be  employed.  The  whole 
scheme  of  the  equilibria  is  as  follows: 

CaCA  (solid)p!CaC,0,  (d8lvd)i=ECa*+-f-C,0,= 
2HCI  t*2C|-  +2H+ 


^HiCOadslvd). 


When  excess  of  an  acid  sufficiently  active  to  furnish  a  lar^  con- 
centration  of  hydrwgeu-ion  is  emploj-ed,  the  last  equilibrium  is 
then  driven  forward  and  the  others  follow.     With  uddition  of  a 
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weak  acid,  only  a  idigbt  dbplacemcut  occurs,  and  the  s>-st«m  comes 
to  rtst  a^iu  when  the  molecular  oxalic  acid  has  reached  a  sufficient 
coDcentrutioD. 

ABtn«rili2atloniii!iybi'l)ii."(fdont!M.-scconsid*'rHtions:aninaolubl« 
■alt  ol  ft  given  kcid  will  in  fftnerml  interact  and  dissolve  when  treated 
wltli  a  aolution  oont«lnlng  another  add,  provided  that  the  Utter  acid 
la  a  much  mora  highly  ionised  (more  aotive)  on*  than  the  tormer 
(bco  below) . 

Dut  cvvii  active  acids  frequently  f»il  to  bring  taiite  of  weak  acids 
into  itulutioii,  (Specially  when  the  wivik  acid  m  ilseK  present  also. 
Hero  the  cause  lies  in  the  fact  that  such  salts  arc  even  less  solubls 
ttuin  those  of  the  calcium  oxalate  type,  and  give  so  low  ii  con- 
ccnlratioa  of  the  negative  ion  that  the  utmost  repression  of  tho 
ionization  of  the  corresponding  acid  does  not  give  a  lower  value 
for  the  concentration  of  this  ion  than  docs  the  salt  itstOf.  Thus, 
wc  have  seen  (p.  272)  that  eveji  hydrochloric  acitl  (dilute)  will  not 
dissolve  a  number  of  sidphides.  For  example,  in  the  caw  of 
cupric  sulphide  in  a  solution  saturatetl  with  hydrogen  sulphide, 
the  S=  factor  in  Uie  solubility  pro<luct  (Cu^]  X  (3=)  remains 
sEnallcr  than  that  in  the  scheme  defining  the  hydrogen  sulphide^ 
equilibrium  tH+1'  X  IS=|  even  when  the  iH=|  factor  in  the  latter 
is  diininUhed  in  consequence  of  great  addition  of  hydrogen-ion. 
In  this  case  the  first  link  in  the  chain  of  equilibria: 


CuS  (solid)  s=i  CuS  (dslvd)  tf  Cu**  +  S= 
2HCi  fc?2Cr  +  2H* 


:  US  (dslvd), 


tends  BO  decidedly  backward  that  only  the  use  of  concentrated  acid 
will  increase  the  concentration  of  the  11^  to  an  extent  suHiciont  to 
secure  even  a  slight  advance  of  the  whole  action.  We  must  add, 
therefore,  to  the  above  rule:  provided  alio  that  the  ult  Is  not  on* 
of  eztram*  insolubility.  This  point  will  bi-  illii^iratcd  more  fully  in 
coniR-ctiuri  with  tlie  description  of  individual  sulphides  (sec  under 
Cadmium}. 

Illustrations  of  the  application  of  thew  gcnemlizationa  are 
countless.  Carbonic  acid  is  maxle  from  marble  (p.  381],  hydrogen 
sulphide  from  ferrous  sulphide  (p.  272),  hydrogen  peroxide  fromj 
sodium  peroxide  (p.  222),  and  phosphoric  acid  from  calcium  phoa* 
phate  (p.  370).  In  each  case  the  acid  employed  to  decompose  the 
salt  is  more  active  than  the  acid  to  be  liberated.    On  the  other 
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haod,  calcium  oxalate  ui  irualuble  in  acetic  acid  because  this  acid 
is  weaker  tfian  is  oxalic  acdd.  Wo  have  thus  oiUy  to  cxaniinc  the 
list  of  acids  showing  their  degrcws  of  toniitatioa  (p.  241)  in  order 
to  be  able  to  tell  which  suits,  if  insoluble  in  water,  will  be 
solved  by  acids  and,  in  general,  what  aeids  will  be  sufficiently 
active  in  each  case  for  tlie  purpose.  In  chemical  aiialytus  we  dis- 
criminate bctuTen  salts  soluble  in  water,  those  soluble  in  acetic 
acid  (ttie  insoluble  carbonates  and  some  sulphides,  FcS  and  MnS, 
for  example),  those  requiring  active  mineral  acids  for  their  solu- 
tion (calcium  oxalate  and  the  more  insoluble  vulphidc^  for  ex- 
ample), and  those  insoluble  in  all  acids  (barium  sulphate  and 
other  insoluble  salts  of  active  acids). 

Precipitation  of  insoluble  Salts  in  Presence  of  AcUls. 
The  eoDTvna  of  lolutioQ,  namely,  prccipitatloa,  depends  upon  iho 
MiiiU'  conditions:  an  iniolubU  talt  whicb  U  diuolvcd  by  a  giv«n  add 
cannot  b»torm«d  by  prtcipiuition  in  thopTMKUwor  this  Mid.  Tbu», 
calcium  oxninte  can  lie  precipitated  in  prei«cnre  of  aoHic  acid,  but 
not  in  prcM-nee  of  active  mineral  acids  in  ordinary  coneentrattoos. 
Cupric  sulpliitle  or  l>nrium  sulphate  can  be  precipitated  in  pre»- 
enoe  of  any  aottl,  but  ferrou.'t  sulphide  and  calcium  carlKMiate  only^ 
in  the  «i;«?iice  of  acids. 

I^Vom  this  it  does  not  follow  that  calcium  oxalate,  for  exniupl 
eannot  l>e  precipitated  if  once  an  active  arid  has  l>een  added  to  the 
miscture.  To  secure  precipitation,  all  that  i.*"  necessary  Ls  to  re- 
move the  excess  of  hydrogen-ion  which  it  repressing;  the  ionisation 
of  the  oxalic  acid.  'I'hb  cjin  be  done  by  adding  a  base,  which  n~ 
moves  the  H'^,  or  even  by  adding  aodium  acetate.  The  acetate- 
ion  CiHjOi"  unites  with  the  H*  to  form  the  little  ionixed  acetic 
ackl,  in  presence  of  which  calcium  oxalate  can  be  precipitated. 


Bleaching  Pouyler  Ca(OCl)Cl.  — This  substance  (cf.  p.  300) 
is  nianufaoiun-d  liy  eomlucting  chlorine  into  a  box-like  stmcture 
containing  slaked  lime  spread  upon  perforated  shelves.  When  tbe 
tran^orraation  has  reached  the  limit  (it  is  ne\'er  complete),  soate 
lime  <i\iist  is  blown  into  the  chamber  to  absorb  the  remainder  of 
the  free  chlorine. 

That  bleaching  powder  is  a  mixed  salt  CaC1(OCl)  rather  than  i 
equimotar  misrture  of  calcium  chloride  and  calcium  bypocblorit 
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which  would  have  the  siinie  <»iii position,  CaClt,Ca(0C1)i,  is 
pruvcd  by  Ihc  r^ts  that  the  iuat4;riAl  is  not  deliquescent  as  is 
calcium  ctilorklv,  and  that  (»dcium  vMoride  cannot  be  dissolved  out 
of  it  by  nicuhol. 

Bleachtug  powder  is  somewhat  M)lublc  in  water,  and  in  aoliition 
the  iou8  Ctt^^,  Cl~,  and  C10~  are  aU  present.  Addition  of  active 
acids  causes  the  foniiation  of  hydrochloric  and  hjTKK-hlorous  acids 
(p.  309).  Wc«k  acids  like  carbonic  acid  displace  the  hypo- 
chlorous  acid  only  {cf.  p.  310),  aiid  hence  the  dry  powder,  when 
exposed  to  the  air,  has  the  odor  of  hypochlorous  anhydride  CljO 
rather  than  that  of  chlorine. 

The  .substance  is  largely  used  by  bleachers  (c/.  p.  31 1),  and  as  a 
disinfectant  to  destroy  germs  of  putrefaction  and  disease. 

Catcium  Sulphatv.  —  This  salt  is  found  in  large  tjuantities  in 
nature.  The  mineral  aiih7drlt«  CaHOi  occurs  in  the  salt  la^'eni. 
It  contains  no  water  of  hydration,  and  its  crj'stals  belong  to  the 
rhombic  system.  The  dUirdrats,  C-aSOt^U^,  is  more  plejittful. 
In  granular  masses  it  constitutes  alabastar.  When  perfectly  cns- 
talliied  (monoclinic  H>'fitein,  Fig.  -17,  p.  Ki)  it  ia  naniod  gypsum  or 
Ml«nlt«.  The  same  hydrate  ia  formed  by  precipitation  from  solu- 
tions.    Its  solubility  is  about  1  in  500  at  18°. 

Plut«r  of  parts  2C"aS04,HjO  ia  manufactured  by  heating  gyp- 
sum until  nearly  all  the  water  of  hydration  has  been  driven 
out.  When  it  is  mixed  with  water,  the  dihydratc  is  quickly  re- 
formed and  a  ri^d  maas  is  produced.  That  the  plaster  sets 
rapidly,  is  due  to  the  fact  that  the  hemiliydrate  is  more  soluble 
than  the  dlhydrate,  and  so  a  txjnstaut  solution  of  the  one  and 
deposition  of  the  other  goes  on  until  the  hydration  is  complete. 
It  becomes  rigid,  instead  of  fornting  a  loose  mass  of  dihydrate, 
beeause  the  process  results  in  the  formation  of  an  interlaced  and 
coherent  maas  of  minute  crystal*. 


2CaSO,.HsO  (solid) 


■  f, J2"*  f''^''^'*'  j  ^  2lCai>O„2H.0]  (wlid). 


Plaster  of  paris  is  used  for  making  casts  and  in  surgery.  Th*^ 
setting  of  the  material  is  accompanied  by  a  slight  increase  in 
volume,  and  bene*  a  very  slmrp  reproduction  of  all  the  details  of 
the  mold  is  obtained.     An  "ivory"  surface,  which  makes  washing 


COLI.E0K   CHEMISTRT 


praetiea^le,  is  cooferreKl  by  painting  the  cast  with  a  solution  of 
paraffin  or  stearin  in  petroU^uin  ether.  The  waxy  maberiiil,  left 
by  evaporation  of  the  volatile  hj-iirocarijons,  fills  the  pore«  and 
prevent.*  solution  and  dUintt^ation  of  the  flubstancc  liy  wjitcr. 
Stucco  It  made  with  plaster  of  pans  and  rubble,  and  is  mixed  with 
a  suUition  of  glue  instead  of  wat«r. 

Calcium  Sulphide  (mS.  —  This  compound  is  most  easily  made 
by  strongly  heating  pulverised  caleium  sulphate  and  ehareoul. 
The  sulphate  Is  reduced:  4C;  +  Ca.S{),  —  C"aS  +  4CX).  Caloiuni 
|«ulpiii(le  is  meagcrly  soluble  in  water,  but  is  nevertheless  slowly 
dissolved  in  consequence  of  its  decomposition  by  hydrolysis 
into  calcium  hydroxide  and  calcium  hydrosulphide  Ca(SH)(. 
It  is  used  as  a  depilatory.  Hair  and  wool  are  composed  of  prot<-ins, 
which  are  dccomiwscd  by,  and  dissolved  in  ulkaline  solutions, 
like  that  here  formed.  Since  ealeiiun  sulphide  is  thus  decomposed 
by  water  it  cannot  be  precipitated  from  aqueous  solution  by 
adding  a  soluble  sulphide. 

Ordinary  eakiuni  Niilpbide,  after  it  has  been  exposed  to  sunlight, 
usually  shines  in  the  tlark.  Barium  sulphide  behaves  in  the  same 
way.  On  this  aceoiint  these  substances  are  used  in  making 
luminous  paint.  They  apparently  owe  this  behavior  to  the 
prcsenee  of  traces  of  compounds  of  vanadium  anil  bit^iiiutb,  for 
the  purified  substances  are  not  affected  in  the  same  fusliion. 


Phoxphattv  of  Calcium.  —  The  tertiarr  orthophoBpbatA  0! 
calcium  <'a.i(P()|):,  known  as  pbosphorit«,  in  fininil  itj  nuiiiy  loculi- 
ties,  and  is  often  derived  from  the  remains  of  animals.  Guano 
contains  some  of  the  same  substance,  along  with  nitrofcen  either 
in  the  form  of  organic  cximpounds  or  as  niter  (p.  34S}.  ApatlUi 
3C«4(P04)j,Cai'"j,  a  double  salt  with  calcium  fluoride  (or  chloride), 
is  ft  common  mineraJ  and  frequent  component  of  rocks.  The 
orthophosphate  forms  about  $3  per  cent  of  bone  ash,  and  is 
contained  also  in  the  ashra  of  plants.  It  may  be  preripitat*^ 
by  adding  a  soluble  phosphate  to  a  solution  of  a  salt  of 
calcium. 

Since  it  is  a  salt  of  a  weak  aeid,  and  belongs  to  the  less  insoluble 
class  of  such  salts,  calcium  phosphate  ts  dissolved  bv  dilute  mineml 
acids  C^.  p.  483),  the  ions  HP04=  and  HiPO*"'  being  t 


^ 


■  When  ft  \ 
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When  ft  base,  auch  as  ammonium  hydroxide,  is  added  to  the  solu- 
tion, the  t^alcium  pho««pliate  is  rcprecipitated  (i^.  p.  4iM). 

C'alciuin  phosphftte  is  chiefly  used  in  the  manufacture  of  pho»- 
phorufl  and  phosphoric  ncid  (p.  3V0),  and  aa  a  ferliiiwr.  The 
supply  of  calcium  pho«i)hate  in  the  soil  arises  from  the  decompo- 
sition of  rocks  conlainiiig  pliospliates,  and  is  gradually  exhausted 
by  the  removal  of  crojw.  Bone  ash  is  sometimes  used  to  make 
\U^  the  (leficioucy.  It  \s  almost  insoluble  in  water,  however,  and. 
Although  somewlmt  lv»s  insolubtc  in  natural  water  containing 
salts  like  sodium  chloride,  ii*  brought  into  e  condition  for  nlisorp- 
tion  by  the  plants  ratlier  slowly.  The  "superphosphate"  (see 
below)  is  much  more  soluble. 

Prlmaij  cAloium  orthophoiphsta  (">uperphoiphkt«")  is  manu- 
factured it)  litixi-  (juftTitilicH  from  phosphate  rock  by  the  action  of 
sulphuric  arid.  The  u  neon  cent  rated  "chamlwr  acid"  is  u-ied  for 
this  purpose,  as  water  is  required  in  the  re-sultinR  action.  The 
amounts  of  material  employed  correspond  to  the  equation: 

Ca.(PO0.  +  2II^0«  +  6HaO  ->  Ca(H,PO0„2H^  -|-  2CfiSOi,2H,0. 

As  soon  as  mixture  has  been  effected,  the  action  proceeds  with 
evolution  of  tieat,  and  a  large  cake  of  the  two  hydrated  salts  re- 
miuns.  Tliis  mixture,  after  being  broken  up,  dried,  and  packed 
in  ba^,  is  itold  us  "HUperphosphutc  of  lime."  The  primary  pboti- 
phatc  which  it  contains  is  Kolubli;  in  water,  and  is  therefore  of 
great  value  as  a  fertiliser. 

Calcium  Cyanainiite.  —  Calcium  carltide  (p.  379),  wheji 
strongly  heAtwl  with  nitrogen,  t^ves  a  mixture  of  caleium  ^-an- 
amide  and  carlxin: 

CaC,  +  If ,  -.  CaCNi  +  C, 

which  is  Bold  as  oltro-lim«  for  use  as  a  fertilizer.  When  treated 
wiUi  hot  water,  tJie  cyanamide  is  hydrolyiicd  into  caleium  cnrbon- 
ate  and  ammonia: 

CaCN,  +  3HiO  -  CaCO,  +  2NH,. 


i: 


Id  the  nil  th*  (Iecom[K>sition  may  not  be  so  simple,  but  comb 
nltrasBO  ii  funuahed  iu  a  form  that  can  1m*  alfsorlx'd  by  pliinta. 
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At  Odda  (Norway)  the  carbide  is  jiiilverized  and  placed  in 
cylindriwil  f unmcc  (Fig.  1 19)  holding  300-450  kg.  The  heat  {800-  ' 
1000°)  i«  Kupplicd  by  the  passage  of  an  eWctric  current  through 
a  tlim  carbuo  rod.  The  nitrogen  is  obtained  by 
the  fractionation  of  liquid  air  and  final  removal 
of  all  oxygen  by  passage  over  heat«d  copper,  and 
is  forced  in  under  pressure.  After  thirty-^ix  hours, 
nitrogen  is  no  longer  absorbed,  and  the  charge  is, 
putviTiiwrd  when  cold. 

Sodium  cTaiiida  is  now  manufactured  bj'  fusing  I 
nitro-linie  wilh  tKxlium  carbonate: 


r; 


CaCN,  +  C  +  NmCOi —CftCO,  +  2NaNC. 


The  cyanide  is  extracted  from  the  insoluble  csl- 
cium  carbonate  with  water,  in  which  it  Is  exweil- 
ingly  soluble.   Soilium  cyanide  has  now  displaced  pot-aituum  cyanide 


Flo.  lift 


in  the  extraction  of  gold  from  its  ores. 


yutrition  and  Fertilisation  of  Crops.  —  A  plant  constructa 
its  cellulose,  starch,  and  sugar,  nnd  secures  the  carlwn-part  of 
all  its  organic  contents  from  the  cswbon  dioxide  of  the  air  (p.  387). 
The  waU-'r  (90-96  per  cent  of  the  total  weight  of  the  plant)  comes 
from  the  soil  and  brings  up  in  solution  the  other  elements  re- 
quired. All  soils  are  able  to  supply  sufiicient  magnesium,  calcium 
and  iron  as  bicarbonatcs.  But  the  soil  may  lack:  siil]>hiir, 
absorbed  as  sulphates;  nitrogen,  absorbed  chiefly  as  nitrates,  but 
occasionally  as  salts  of  ammonium;  potastdum,  as  sulphate, 
chloride,  or  nitrate;  and  phosphorus,  as  soluble  phosphates.  The 
soil  may  be  originaUy  deficient  in  one  or  more  of  these  necessary 
plant  foods,  or  the  supply  may  have  been  exhausted  by  repeated 
cropping.  Every  crop  permanently  removes  certain  qiiantitie-s. 
Kor  example,  in  the  case  of  nitrogen,  which  is  required  to  form 
proteins  that  enter  lat^ely  into  the  fruit  (i.e.,  usually,  the  edible 
part),  each  crop  of  Indian  com  (45  bushels)  removes  63  pounds 
per  acre,  a  crop  of  cabbage  (15  tons)  removes  100  pounds  per  acre, 
clover  hay  {2  tons)  82  pounds,  and  wheat  (15  bushels)  31  pounds. 
When  the  store  in  the  soil  become  meager,  the  crops  become  poor, 
and  finally  coat  more  for  labor  than  they  arc  worth. 
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Thus,  crops  bsve  to  be  fed,  just  like  cattle.  Moreover,  the 
•ntn  must  bo  funiisht-d  Jii  solubli;  form  {qf.  pp.  137,  340,  422). 
coQtiLUiiiig  [Kttassiuiii  (p.  44i>,  451)  and  phosphorus 
{p.  487)  must  be  used,  whvti  thi^  huU  is  dcficivut  in  these  elements. 
The  nitrogen  fertilizers  wc  have  mentioned  are  sodium  nitrate 
(p.  347),  cfdcium  nitrute  (p.  353),  uinmonium  sulphate  (p.  411), 
gtmno  and  manure  (p-  348),  "tiinkiige"  and  ground  bones  from 
slaughter  houses,  (tiileium  cyauiiiiiidu  (p.  487),  and  finally  tlm 
nitrates  from  bacterial  deeoiii  posit  ion  of  root  uodulut  (p.  330), 
Tliftl  systoiiiiitir  use  of  fortiliwrs  dots  influent*  the  erops  is  indi- 
cated by  the  re.suHs  of  <^:ulUv»tion  of  lund  whieh,  but  for  fertili- 
mtion,  would  long  .since  have  become  alniuttt  valueless.  The 
wheat  crop  pc^r  acre,  Ixiiiig  the  average  of  t«ii  successive  years  is: 
Denmark  40  bushels,  Great  Britain  33,  Uermtuiy  20,  United 
States  14. 


I 


Hard  Water. —  \s  we  have  seen  (pp.  384,  476),  limestone 
(solubility,  0.013  g.  pi'-r  liter),  magnesium  carbonate  (sol'ly  1  g. 
per  hter),  ami  iron  c.irlx>nate,  although  very  insoluble,  are  acted 
upon  by  the  cart>onic  aci<l  in  natural  waters,  giving  bicarbonatcs 
which  are  roughly  about  thirty  times  as  aohible.  When  the 
water  is  lx)ilo»l,  the  actions  are  reversed,  and  the  carlMHialcs 
ve  If  precipitated.  These  bi  carbonates  constitute  tamporary 
bardDNi,  and  their  decomposition  produces  "fur"  in  a  kettle  and 
boiler  crust  in  a  boiler. 

The  sulphates  of  calcium  (sol'ty  2  g.  per  liter)  and  of  magnesium 
(sol'ty  3M  g.  per  I)  are  also  commonly  found  in  natural  waters. 
These  salts  are  not  affected  by  mere  boiling  (as  diatinct  from 
evaporation)  and  so,  along  with  magneaum  carbonate  (1  g.  per  I.) 
and  caleium  carlKinste  (0.013  g.  per  1,)  give  psmuuieQt  hardness 
to  the  water. 

Hardness  is  estimated  in  "degrees."  In  France,  and  com- 
monly in  the  laboratory,  1  part  of  CaCOj  (or  its  equivalent  of 
other  salta)  per  I0O,O(K)  (0.01  g.  per  liter)  eonatitutea  one  degree. 
In  the  United  States  one  degree  la  1  grain  per  gallon  of  58,333 
grains  (0.017  g.  per  1.).  In  Britain  one  degree  is  I  ^ain  per  gallon 
of  70,000  grains  (0.014  g.  per  I.).  Well  water,  originatiiig  in 
chalk  or  limesUuic  formations,  may  havo  37°  (Fr.)  or  morv  of 
bantneas. 
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Damage  Dut-  to  Hardnt^nK  ht  Water.  —  When  hard  water 
coiitinually  fed  into  a  Bteun  boiler  and  only  steam  cornea  ou 
naturally  the  salta  accumulate  and  produce  in  time  a  heavy 
boiler  crust,  whirh  settl«?6  on  the  tubes.     Being  a  poor  conductor 
of  heat  compared  witJi  iron,  this  crust,  if  one-fourth  of  an  inch  fl 
thick,  will  increase  the  consumption  (and  cost)  of  fuel  by  50  per  " 
cent.     In  addition,  the  iron,  not  being  in  direct  contact  with 
watcrt  is  heated  to  a  higher  tempcmturc,  and  may  even  bo«Hne 
rod  hot,     It  thus  oxidizes  more  quickly  on  the  outside,  and  dis- 
places hydrogen  from  water  (or  stciun)  on  tho  inside  (p.  52), 
thus  changing  on  both  sides  gradually  into  the  brittle  magnetic 
oxide  FcjOi.     If  the  crust  is   not   removed,  or  proventod   (si-e 
l>clow),  the  life  of  the  botler  ts  greatly  shortened,  and  a  serious 
explosion  may  even  occur. 

In  wuhlivs,  in  the  household  or  laundry,  much  soap  is  wasted 
Ix'fore  the  necessiirj'  Iftther  is  set^nred.     The  soap,  for  example, 
the  sodium  stoarat<^^  (p.  415),pves  magnesium  and  calcium  s 
utes,  which  urc  insoluble,  forming  a  curd; 

CftSO*  +  2Na(C0,C,;H»)  -*CaCCOsC„H»),  I  +  Na^*. 

TTio  permanent  solution  of  soap,  required  for  washing,  does  not  I 
befiin  to  be  formed  until  all  the  hardness  has  thus  been  precipi- 
tated.    Hence,  according  to  the  equation,  with  1*  (U.  S.)  hard- 
ness, UK)  gallons  (U.  S.)  of  water  should  use  up  0.075  pound  of 
soap  (1°  Brit,  and  100  gal.  Brit.,  0.075  lb.).     In  point  of  fact, 
however,  the  colloidal  calcium  sjilts  adsorb  and  carry  down  with  fl 
them  more  than  an  equal  amount  of  undecomposcd  soap.     Hence, 
actual  measurement  shows  thiit,  with  1°  (I*.  S,  oi'  Brit.)  of  hard- 
ness,   100  galloms  (U.  S.  or  Brit.)  of  water  really  destroy  0.17 
pound  of  soap.     Thus,  with  3S°,  no  less  than  6  pounds  of  soap  i 
per  1(H)  gallons  arc  wasted  before  the  part  of  the  soup  that  is  to  { 
do  the  work  bcgms  to  dissolve. 

Treatment  o§  ffnrd  Wnter.  —  Tho.  temporary  hardness  cani 
\k   removed  by   boiling   the   wiit^-r,   or   using  some   prehejiting 
arrangement  in  comieetion   with  the  boiler  (stationary  engines 
only).  M 

Trmpetranj  hardness  is  eotnmonly  removed,  on  a  large  f»a]c,  by 
adding  daked  I'mie  (made  into  milk  of  Ume)  m  exactly  the  quantUy 
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ebown  by  an  analyHis  of  the  wat4sr  to  be  required,  and  stirring  fur 
a  coDsidcrablt'  time: 

Ca{HCO,),  +  Cft(OH),  —  ZCaCO,  I  +  2H,0.  (1) 

'  The  bicarbonate  is  neutralised  and  all   Ibe  Mine  precipitated. 
Tbe  latter  in  removed  by  filtration. 

Permanent  hardness  is  not  affected  by  flinked  Umc,  but  is  pnv 

cipitated  by  adding  sodium  carbonate  i»  the  necessary  proportion: 

CaSO*  +  NaiCO,  -*  CaCO»  1  +  Na^O*.  (2) 

When  both  kinds  of  kardnesa  arc  pn»cnt,  rrudc  caustic  aoda 
(sodium  hy<iroxido)  may  l»  enii)Ioyed.  It  ueutralizcB  the  bicsr^ 
bonat4^,  pri'iripiiatiiig  Ca(X>,: 

Ca(HCO,)i  +  2NaOn  —  CaCO,  I  +  Na^'O,  +  2H,0.      (3) 

and  giving  sodium  carbonate.  Tbc  latter  then  acts  as  in  equa- 
tion (2). 

Instead  of  this,  the  treatments  indicated  in  equatJons  (1)  and 
(2)  may  be  ai)pli('d  in  combination  (Porter-Clark  process).* 

tin  the  new  permutlt*  procau  the  water  is  iduiply  filtered  throui^h 
jin  artificial  sotiiuiri  Milico-aluiiiinutc  (permutite  NaP)  which  la 
supplied  in  the  form  of  n  iwirwe  sand.  Tlie  calcium,  etc.,  in  the 
water  is  exchanged  fur  smUuui,  wliich  doe«  no  harm: 

Ca(HCO,)j  +  2NaP  —  2NaHC0i  +  CaP,. 

After  twelve  hours'  use,  the  permutite  is  covered  with  10  per 
cent  salt  solution,  and  allowed  to  rciniiin  for  the  other  twelve 
hoUTB  of  the  day,  when  it  is  ready  for  employment  onoe  more: 

2NftCl  +  Cap,  —  CftCl,  +  2NftP. 

Only  salt,  which  ts  inexpensive,  is  consumed,  and  calcium  chloride 
solution  i^  thrown  away.  Permutite  removes  magnesium,  iron, 
mangaiio«e,  and  other  elements  in  the  same  way.  The  life  of  a 
charge  is  said  to  be  over  twenty  years. 

Hard  tf'iitur  in  the  iMundry.  ^  As  we  have  seen  (p.  400), 
soap  will  itoften  water,  but  the  calcium  and  magnesium  saltt;  of  the 
Boap  acid.'',  which  are  precipitated,  are  sticky,  and  soil  the  gooda 

*  So  far  ft)  tbc  hnnlntw  w  diir  to  nuiKnrnuin  bicnrtionntt;,  n  dmtbh  pn>por» 
tion  of  lime  inuflt  b«  added  to  pri'cipit«ie  tlie  [iiaiai(«iuin  u»  hydroxide  (sol'ty , 
0J)1  g.  per  t.),  bookUM  Um  caibuDutv  u  loo  oolublu  (1  g.  per  L). 
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being  waahed.  Other  substances  that  eoHcn  wat^r  not  onJj'  give 
non-a<ihesivc  priicipitatt-s,  but  iirc  also  much  chcuiper,  and  au  at- 
tempt is  generally  made  to  utilize  them.  The  use  of  slaked  lime 
is  impracticable  on  n  small  scale. 

Washing  soda  XajCO,,10HiO  is  added  U>  precifHtjite  both  kinds 
of  hardness : 

Ca(HCO,),  +  Na,CO,-»CaCO,  +  2\aHC0,. 
CbBO*  +  NftjCO,  -*  CftCO,  +  Na^SO*. 

The  nmall  amounts  of  salts  of  sodium  which  remain  in  the  watarl 
have  no  action  on  soap. 

Household  Ammonia  XIltOH  acts  like  sodium  hydroxide 
(p.  491): 

Ca(HCO,)i  +  2NH4OH  —  CflCO,  +  {NH4)iC0,  +  2H,0, 
CftSO,  +  (NFU),COi  -.  CaCO,  +  (NH,)^SOi. 

except  that  it  will  twt  precipitate  ma^nesium-toa. 

Itorax  Na,B,Oii,10Hj(>  (p.  432)  ia  hydrolyzed  and  the  wxtium 
hydroxide  contained  in  its  solution  acts  oa  already  (p.  491)  de-  ^^ 
ocribed.  ^M 

The  supposed  bleaching  or  whitening  action  of  borax  or  mda  ^^ 
is  a  myth;  these  salts  prevent  utaining  hy  the  iron  in  the  water.  ^J 
They  simply  precipitate  the  iron,  present  as  Fe(HCOi),,  which  ^M 
almost  all  waters  contaui,  as  FeCOj,  before  the  goods  are  put  in.  ^^ 
Tliis  precipitate  ia  easily  washed  out  in  rinsing.  The  palmitate,  ^ 
etc.,  of  iron,  however,  which  the  soap  itself  would  throw  down,  8^| 
sticky  and  adheres  to  the  cloth.  Tlic  air  subsequently  oxidize.1  ^^ 
it  (sec  p.  633)  and  gives  hydrated  ferric  oxide  (rust),  which  is 
brownish-red. 

It  is  evident  that,  properly  to  achieve  their  purpose,  the  sodai 
and  borax  must  be  addctl,  must  be  completely  dissolved,  andJ 
must  be  allowed  to  produce  the  precipitation  of  FcCOj,  CaCt):,  ■ 
etc.,  all  Itcfi/re  the  so:tp  (or  the  goods)  is  introduced.  If  the  soap 
is  dissolved  before  or  with  the  soda,  it  will  take  part  in  the  pre-] 
ci)iitation,  and  give  sticky  particles  containing  the  iron  and  cal-| 
oium  salts  of  the  soap  acids. 

The  soda,  borax,  and  antmonia  do  not  themselves  remove  dirt 
—  that  is  done  by  the  (li-isolvcd  soap  (p.  418).  With  the  help  of 
rubbing,  however,  they  do  emulsify  and  remove  animal  or  vcgo- 
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table  oil  and  greaae,  but  not  mineral  oil  (p.  420),  when  these 
happen  to  be  on  the  goo<lH.  But  soap  alone  wQl  do  thia  also,  and 
remove  mineral  oil  as  well. 

Wuhins  powden  are,  or  ought  to  be,  mainly  sodium  carbonate, 
mixed  with  more  or  lesa  pulverized  soap. 


Calcium  SUicaU  CaSiO^.  —  Calcium  mclasilicate  Cai^Oj 
forms  the  mineral  wollft.itouilir,  which  is  rather  scarce,  but  enters 
into  the  oompositiou  of  many  complex  mineralR,  such  a?  garnet 
and  mica.  It  may  be  made  by  precipitation  with  a  solution  of 
sodium  meta.iilic.tte  (p.  428),  or  by  fusing  together  powdere^l 
quarts  and  calcium  carbonate: 

SiO»  +  CaCO,  -» CaSiO,  +  CO,. 

GloM.  —  Common  glass  is  a  complex  silicate  of  sodium  and  cal- 
cium, or  a  homogeneous  mixture  of  the  silicates  of  these  metals 
with  silica.  It  has  a  comptisilJoD  represL'nted  approxini»tcly  by 
the  fonnula  Ntt,0,CaO,6SiOi,  and  is  mode  by  melting  together 
eodium  carbonate,  limestone,  and  pure  sand: 

Na,CO,  +  CaCO,  +  6SiO,  -♦  Na,0,CaO,6SiO,  +  2C0^ 

For  the  most  fusible  glass,  a  smaller  proportion  of  sand  is  em- 
ployed. 'ITiis  variety  is  known,  from  its  eoniponc-nts,  as  Boda- 
glast,  or,  from  its  easy  fusibility,  as  sott  glass.  Pliite-gtass  is  made 
by  casting  the  material  in  lai^  sheets,  rolling  the  sheet  flat  while 
hot,  and  polishing  the  surfaces  when  cold  until  they  are  piano. 
Window-glass  is  prepared  by  blowing  bulbs  of  long  cylindrical 
shape,  and  ripping  theni  down  one  side  with  the  help  of  a  diamond. 
I'he  resulting  curved  sheets  are  then  placed  on  a  Hat  surface  in  a 
furnace  and  are  there  allowed  to  open  out.  Beads  are  made, 
chiefly  in  \'cnicc,  by  cutting  narrow  tubes  into  very  short  sections 
and  rounding  the  sharp  etlges  by  firo.  Ordinarj-  apparatus  ia 
made  of  soft  eoda-glass,  and  hence  when  heated  strongly  it  tends 
to  soften  and  also  to  confer  a  strong  yellow  tint  (c/.  p.  465)  on  the 
flame.  Bottlui  arc  imule  with  impure  matcriiils,  and  owe  their 
color  chiefly  to  the  silicate  of  iron  which  thcj'  contain.  In  all 
cases  the  articles  arc  annealed  by  being  passed  slowly  through  a 
q>ecial  furnace  in  which  their  temperature  is  lowered  very  grad'* 
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uully.    Glaas  which  has  been  suddenly  chilled  is  iii  a  state 
U'usion  and  breaks  easily  when  han(lle<l. 

Soft  glass  is  parlJally  dissolved  by  water.  WIicd  powdered 
glass  is  shaken  with  water,  sodium  idlicate  dissolves  at  once, 
and  iu  amount  sufHcient  to  give  an  alkaline  reaction  with  pheiiol- 
phthiiWw  («/.  p.  2S8). 

Bohemian,  or  h&rd  sUa&,  in  mucli  more  dillicuU  to  fuse  than 
Hodu^glass,  and  ia  aU)  much  less  i<oluble  in  water.  It  is  tnonu- 
furtured  by  siibRtitut  inR  potaKsiiim  cartwnate  for  the  sodium 
carbonate.  Specially  insoluble  glass,  for  lalioratory  use,  such  a* 
JtDft  and  non-flol  glau,  is  made  with  boric  anhydride  BiOg,  in  ad- 
dition 1«  silica,  and  some  zinc  oxide,  so  that  it  contains  borates  aa 
well  as  silicates.  When  lead  oxide  is  employed  instead  of  lim^ 
stone,  a  soda-lead  glass  knon'n  as  flint  gUu  is  produced.  Tliis 
has  a  hi((h  speci6c  gravity,  and  a  great  refracting  power  for  light, 
and  i.s  employed  for  making  glass  ornaments.  By  the  use  of 
grinding  machinery,  cut  glasB  is  made  from  it.  Engraving  on 
glass  is  iione  with  the  sand  LlaBt, 

Colored  gUu  is  prepared  by  adding  small  amounts  of  various 
oxides  to  the  usual  materials.  The  oxides  combine  with  the 
silica,  and  produce  strongly  colored  silicates.  Thus,  cobalt  oxide 
gives  a  blue,  chromium  oxide  or  cupric  oxide  a  green,  and  uranium 
oxide  a  yellow  glass.  Cuprous  oxide,  with  a  reducing  agent,  and 
compounds  of  gold,  give  the  free  metals,  suspended  in  colloidal 
solution  (p.  416)  in  the  gUiss,  and  confer  a  deep-red  color  upon  it. 
Milk-glass  contains  finely  powdered  calcium  phosphate  in  sus- 
pension, and  white  enamels  arc  made  by  adding  stannic  oxide. 

V'\af»  is  a  typical  amorphous  substance  (pp.  266,  393).  Fixwn 
the  facts  that  it  has  no  crystalline  structure,  and  that  it  softens 
gradually  when  warmed,  instead  of  showing  a  definite  melting- 
point,  it  is  regarded  as  a  supercooled  liquid  of  extreme  ^'iscoaity. 
Most  single  silicates  crystallize  easily,  and  have  definite  freesing- 
(and  melting.)  pt)int8,  Cllass  may  be  regarded  as  a  solution  of 
several  BJlicates.  When  kept  for  a  considerable  length  of  time  at 
a  temperature  inaufficicnt  to  render  it  perfectly  fluid,  some  of  its 
components  crystallize  out,  the  glass  becomes  opaque,  and  "de- 
vitriJBcation "  is  said  to  have  occurred.  The  word  "crystal" 
popularly  applied  to  glass  is  thus  definitely  misleading. 

So-called  qturts-glasa  is  made  of  fused  silica  (p.  428). 
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Calctiim-ion  Ca^^i  j^alyticat  Reartion*.  —  Ionic  calcium 
ts  colorless,  tt  is  bivalent,  nnd  coinbin<!t«  with  negative  ions. 
Many  of  the  resulting  aahi  arc  more  or  loss  insoluble  in  water. 
Upon  the  insolubility  of  tho  carbonate,  phosphate,  and  oxalate  nro* 
ha^d  tests  for  ralcium-ion  in  qualitative  analyna  (nee  p.  liSS). 
The  presence  of  the  dement  is  moat  easily  recoRnized  by  the 
brick-red  color  its  compounds  confer  on  the  Bunsen  flame,  and 
by  two  bands  —  a  red  and  a  green  one  —  which  are  shown  by 
the  spectroscope. 


Strontium  Sr 


Tho  compounds  of  strontium  resemble  closely  those  of  calcium^ 
both  in  ph)-8ica]  properties  aud  in  chemical  behavior. 

f  Occitrreruv.  —  The  carlxinate  of  strontium  SrCOj  is  found  as 
■trontianlta  (Strontian,  a  village  in  Argylcshire),  The  sulphate, 
caie«Ut«  HrSO(,  is  morc^  plentiful.  Tlie  metal  may  be  isolated  by 
vloctrolysis  of  the  molteii  chloride. 

*    Compounds  of  Sirantiunt. — ^  The  compounds  are  all  mode 
from  the  natural  carbonate  or  sulphate.    The  former  may  be  (Us 
solved  directly  in  acids,  and  the  latter  is  first  reduced  by  meanfl 
of  carbon  to  the  sulphide,  and  then  treated  with  aciils. 

StroDtium  cbloride  ^^^('l: ,611:0,  made  in  one  of  the  above  waya,  j 
is  depoeited  from  solutinn  as  tho  bexahydrate.  1'he  nitiat« 
Sr(NOi)s  comes  out  of  hot  solutions  in  octahedrons  which  are 
anhydrous.  From  cold  water  the  tetrahydrate  Sr(NO,);,4HsO  is 
obtamed.  The  anhydrous  nitrate  is  mixed  with  sulphur,  charcoal, 
and  potassium  chlorate  to  make  "  red  fire."  The  odd*  SrO  may 
bo  secured  by  igniting  the  carlmnatc,  but  it  is  obtained  with 
greater  difEculty  than  is  calcium  oxide  from  calcium  carbonate. 
It  is  gcnernlly  made  by  heating  the  nitrate  or  hydroxide. 

Strontiuia  hrdroxlda  Sr(OH)]  is  made  by  heating  the  carbonate 
in  a  current  of  supcrhouted  steam: 

SrCX),  +  HiO  -»  Sr(OH),  +  CO,. 

This  action  takes  place  more  easily  than  does  the  mere  dL<)so- 
ciation  of  the  carbonate,  because  the  fonnation  of  the  hydroxitie 
liberates  cncrg>',  and  this  partially  compensates  for  the  energy 
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which  has  to  be  provided  to  decompose  the  carbonate.    Thai 
lowering  of  the  partial  pressure  of  the  carbon  dioxide  Ijy  ilm 
steam  also  contributes  to  the  result  (e/.  pp.  470-477).    A  hydraloj 
8r{0H)j^H^  crystallizes  from  water. 

Btrontium-ioo  $r**  is  bivalent,  and  gives  inaolilhle  eocnpouiuj 
witit  t-arUiiiate-ion,  sulpbat^ion,  and  oxalate-ion.     The  preacuee 
of  strontium  w  retrognized  by  the  carmine-red  color  which  its  | 
oomiKMind.1  give   to  the   Bun-ten   flame   (see  also  p.  498).     Ita 
spectrum  ebon's  several  red  baniis  and  a  verj'  characteristic  blue 
Ihie. 

RARnnu  Ra 

The  phy^cal  aod  chemical  properties  of  the  compounds  of 
barium  recall  those  of  strontium  and  calcium.    All  the  com-  < 
pounds  of  barium  which  are  soluble  in  water,  or  can  be  brought 
into  solution  by  the  weak  acids  of  the  digestive  fluids,  are  polaoD- 
ous. 

Occurrence.  —  Like  strontium,  barium  us  found  in  tlie  form  of 
the  carbonutc.  wltharlt*  BaCOi,  and  the  Kulphate  Ba.S04,  h«a*r 
■pu  or  barite  (Gk.  |3a/>vt,  heavy).  The  frG«  metal,  which  is  silver- 
white,  may  be  obtained  by  electrolysis  of  the  molten  chloride. 

The  compounds  arc  made  by  treating  the  natural  carbonate 
with  acids  dire-ctly,  or  by  finH  reducing  the  sulphate  with  carbon 
to  sulphide,  or  converting  the  earbooate  ioto  oxide,  and  then 
treating  the  products  with  acids. 

Compounds  of  Barium.  —  The  precipitated  form  of  barium 
carbonate  BaCOj  is  ntade  by  adding  sodium  carbonate  to  tlie 
aqueous  extract  from  prude  barium  sulphide  (g.r.).  Barium  car- 
bonate demands  so  high  a  temperature  (about  I.WO°)  for  the  at- 
tainment of  a  sufUdeat  dissociation  tension,  that  spedal  means 
is  employed  for  its  decomposition.  It  is  heated  with  powdered 
charcoal  {cf.  p.  386) : 

BaCOs  +  C  -•  BaO  +  2C0. 

Natural  barium  tulpliate  BaSO*  is  the  source  of  many  of  the 
compouniU.  The  precipitated  sulphate,  made  by  adding  sul- 
phuric acid  to  the  atpjeous  extrart  from  barium  sul|))iidc,  is  used  in 
making  white  paint  ("permanent  white"),  in  Glling  paper  for 
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glazvd  cards,  and  somvlimott  as  an  adulterant  of  white  ]ewl.  A 
mixture  of  barium  Hulptiat«  and  tdnc  sulphide  ZnS,  prepared  in  a 
special  wa)',  la  called  lltliopont:  j 

BaS  +  ZiiSO,  —  BaSO.  i  +  ZnSi-  1 

Made  into  paint  it  has  greater  covering  power  than  white  lead, 
docs  not  darken  with  hydrogen  sulphide  as  does  the  latter,  and  ia 
noD-poisoDOUs.     Barium  itiilphate  in  highly  insoluble  in  water  andj 
is  hardly  at  all  affected  by  iKjueouH  solutions  of  any  chemicatl 
tigL-ntt>. 

Buium  sulphide  Rai^,  like  the  aulphide^  of  calcium  and  fttron- 
lium  (p.  273),  ia  very  slightly  soluble  in  water,  but  slowly  passes 
into  iKiliitiun  owing  to  hydrolysis  and  formation  of  the  hydroxide 
aud  liydrosulphido.  It  is  made  by  heating  the  pulverized  Hul- 
phalc  with  charcoal:  BaSO,  +  40  -*  BaS  +  -ICO. 

Buium  cbloride  BaOIn,2H30  is  manufactured  by  heating  the 
sut|>hide  with  calcium  chloride.  The  whole  treatmeut  of  the 
heavy  spar  is  carried  out  tu  one  operation: 

BaSO,  +  4C  +  CaCl,  -  4C0  +  BaH,  +  CaS.  4 

By  niHd  extraction  with  water,  the  chloride  can  bo  »c[«irated 
frtMn  the  calcium  sulphide  before  much  decomposition  of  iJie 
latter  (rf.  p.  461)  has  taken  place. 

Bkritmi  elilor»t«  Ba(C'10])s  is  made  by  treating  the  precipitatodJ 
bai'ium  carbonate  with  a  solution  of  chloric  acid.     It  is  depoatted' 
in  beautiful  monoclinic  crystals,  and  is  used  with  sulphur  and 
charcoal  in  the  preparation  of  "green  fire."  J 

Barium  monoxids  BaU  is  manufactured  from  the  carbonate  (seoi 
above)  or,  in  pure  form,  by  heating  the  nitrate.  The  oxide  uniteil 
vigorously  with  water  to  form  the  hydroxide.  ^ 

The  monoxide,  when  heated  in  a  stream  of  air  or  oxygen,  givoe 
barium  peroxide:  2BaO  4-  Ot  j^  2BaOi,  as  a  compact  gray  manJ 
This  change  and  its  reversal  constitute  the  basis  of  Brin's  proce« 
for  obtaining  oxygen  from  the  air.    At  a  suitable,  high  temper^ 
ature,  the  air  is  forecrl  in  under  pressure,  causing  the  action  to  gol 
forward,  while  the  nitrogen  e»caiK?it  by  a  valve  at  the  far  end  of' 
the  apparatus.    Then,  without  change  of  temperature,  by  ie> 
versing  the  pumps,  oxygen  is  taken  out.  and  the  reaction  goea 
backwards-    This  nltorimtJou  DULkca  tho  process  a  continuous 
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one.     A  faTdnt*.   BaOt,SH/),   'a  thrown  clown  ux  a  crygtulline 
predpiti^tf  when  hydrugpn  peroxide  solution  ix  added  to  a  solu^j 
tion  of  buriiun  hydroxide: 

Bft(OH)j  +  Hrf},  *=^  BaO,  1  +  2H,0. 

Bsriiui)  peroxide  in  u>s«d  in  the  manufacture  of  hydro^^^n  peroxide 
Barium  h;droslde  Ba(<)H)],  in  made  by  union  of  the  oxide  will) 
water,  or  by  leailiug  moist  carbon  dioxide  over  the  sulphide  and 
decomposing  the  rcsultuif;  carlranate  with  ^iperheated  steant 
tp.  4y5).  It  is  ihii  most  soluble  of  the  hydroxides  of  this  (Emup, 
and  gives,  therefore,  the  highest  concentration  of  hydroxide- 
ion.  The  solution  is  known  as  "baryta-water."  It  ia  also  the 
moBt  stable  of  the  three  hydroxides,  and  may  be  melted  with- 
out decomposition.  A  hydrate  Ba(.Onji,8IIaO  crystiillizea  from 
water. 

Barium  nltrat«  Bs(NOj)i  is  madt*  by  the  action  of  nitric  acid  on 
the  sulphide,  oxide,  hydroxide,  or  carbonate  of  barium.  ITie 
crystals  from  aqueous  solution  arc  anhydrous. 
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Analytical  Reactions  of  tbv  Calcium  Family.  —  Barium-ion 
Ba"  is  a  colorlrss,  hiviikiit  ion.  Many  of  its  roDii>oundB  are  in- 
soluble in  water,  and  the  t<tdpbHtv  is  insoluble  iu  aciils  aliio.  The 
spectrum  given  by  the  salts  coutaiuo  «  number  of  green  and  orange 
lines. 

In  solutions  of  salts  of  calcium,  strontium,  and  barium,  the  iona 
may  be  distinguished  by  tho  fact  that  calcium  sulphate  solution 
will  precipitate  the  strontium  and  barium  as  sulphates,  but  will 
leave  salts  of  calcium  in  dilute  solution  imufTectvd.     Similarly, 
I  strontium   sulphate  solution   prit'ipitatcs  barium  sulphate,  and 

I  does  not  ^vv  any  result  with  sails  of  ihc  first  two.     The  oxalate 

i  of  calcium  is  precipitated  in  presence  of  iicetio  acid,  while  the 

'  oxalates  of  strontium  and  buriuiu  arc  not  (cf.  p.  4%i),  and  there 

I  are  other  difTercnces  of  a  like  nittuR-  in  the  solubilities  of  the  salts. 
i 


Exfrciaes,  —  1.  .\rrange  the  ehromat«s  of  the  metals  of  this 
family  in  the  order  of  soiuljihty  (see  Table).  Compare  the  soluUli- 
tiea  with  those  of  tlie  carbonates,  oxalates,  and  sulphates  of  t] 
metals  of  the  Mime  family. 

2.  What  13  meant  by  fluoresccuce  (<^.  any  book  on  physics)? 
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3.  WTiat  will  be  the  ratio  by  volume,  at  150°,  of  the  riitrogou 
peroxide  aud  oxygen  given  off  by  the  decomposition  of  calcium 
nitrate?  What  would  be  the  nature  of  the  tliffercncc  bctwvco  tho 
ratio  at  ISO®  and  that  at  room  temperature  [i^.  p.  352)? 

4.  Apply  the  rule  of  jjrccipitation  to  the  case  of  adding  sodiiun 
Carbonate  to  a  solution  of  barium  ehloridc. 

3.  BxplnJo  in  terras  of  the  ionic  hypothesis  the  precipitation  of 
the  Mulphntc  of  strontium  by  culciuni  sulphate  solution,  and  the 
ab:^-nce  of  jirecipitiitiuii  when  the  latter  is  added  to  a  dilute  iK>1u> 
tion  of  »  soluble  suit  of  caleium. 

6.  What  inference  du  you  th'aw  from  the  fad  that  the  oxalates 
bcu'iuiii  and  strontium  are  not  preeipituted  in  presence  of  acetic 
acid,  while  (he  oxalate  of  calcium  is  su  precipitated?  Is  the  infer- 
ence coiifirracd  by  reference  to  the  solubility  data? 
I  7-  Explain  the  fact  tli:it  strontium  and  calcium  chromates  arc 
easily  dissolved  by  acetic  acid,  while  barium  chromatc  is  dis«>Ived 
only  by  active  mineral  acids. 

L  8.  I']xplain  the  fact  that  all  the  carbonates,  save  those  of 
Bodium,  |>otnA.iium,  and  thallium,  are  precipitnted  in  neutral  solu- 
tionf),  but  not  in  aeidiHt-d  solutions.  Why  is  the  precipitatiuu 
incomplete  when  earlmn  dioxide  is*  led  through  nolutions  of  salts 
of  the  metaU,  but  more  complete  when  the  hydroxides  of  the 
metals  are  used? 

9.  Construct  a  table  for  the  purpose  of  comparinp;  the  profjer- 
tie*  of  the  free  elements  of  this  family  and  also  the  properties  of 
their  corresponding  compounds. 

10.  Are  the  clemeuts  of  this  family  typical  metals  (p.  436)? 
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Thic  three  meta]i«  of  this  family,  being  found  fre«  in  nature,  are' 
amongst  those  which  were  kiiowii  in  early  times.     They  are  the 
Doetale  iinivprsaily  used  for  coinage  and  for  ornamental  purposes. 
They  are  the  three  best  conductors  of  electricity  {p.  436). 


The  Chenucat  Relatione  q^  the  Copper  Famtly.  —  Coppor 

(Cu,  at.  wt.  63.0),  lilvor  (Ag,  at.  wt.  107.88),  and  fold  (.\u,  at.  wt. 
197.2)  occupy  the  right  side  in  the  second  colunm  of  the  table  of 
the  periodic  itysleiii,  and  the  clicmical  relations  of  these  elements 
are  in  many  v/nys  iii  uhurp  cuntnist  to  thoiK  of  the  alkali  me 
their  ncighijorB,  on  the  left  side: 


Aleau  Metals 

Verj-  Active;  rnpitliy  oxitli«c<i  by  »ir; 
duplauc  tU!  otliiT  mi<t>ila  from  com- 
bination (lO.-M.  wriiM,  p.  60). 

All  uuivftlvnt  and  give  but  one  wrirw 
nf  compimndK,  HalidM  all  soluble 
ill  watpr. 

Oxides  and  hyilroxifiw  strongly  hsi«C, 
and  halides  nut  liydrulyze»l  (p.  437). 


Never  (uund  in  anion. 
plcx  cnticiiu. 


Give  no  com- 


CoiTCK,    RlI.VEII,   (lOLD 

AmoiiKst  \v*gt  active  metals; 

cupper  in  uxidiRMi  by  ur;  dupEaeed 

by  moat  olhrr  metAla. 
Cu'  and  Cu>>:  two  wriua.    Ag': 

BtricM.    .\u'  and  Au"":  two  xrricci. 

Cliloridm  of  univalfrnt  serira  iiiaol. 
OxideH  and  hydruxidui  feebly  biuic 

(pxcFpt  AgjD);   hnlidw  hydrolyMtl 

(except  .\|;'luilid(«).     Umux,  bnoia 

•aflA  AK  dumcTDiu. 
Frequently  in  anion,  t^.,  K.Cu(CN)], 

K.Ag(CN)„  K.AnO,  K.Au(CN)„ 

and  also  in  complex  caUons,  €^., 

Ag(NHi),.01I  and  Cu(NH,)..(OH>, 


nm.  I 


On  account  of  their  inHCtivity  townrds  oxygen,  aud  their  ca^ ' 
recovery  from  combination  by  means  of   beat,  silver  and  gold, 
together  with  the  platinum  family,  are  known  as  the  "noble 
inetal.i." 
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Copper  Cu 


Chpmimt  Hetations  of  th^-  Klrmmnt. — Ck^per  is  the  first 
metnllie  element  showing  two  valences  which  we  have  encountered. 
In  sueh  ea^es  two  more  or  Icrr  complete,  independent  series  of  salts 
are  knouni.  These  are  here  dtRtingiiished  as  cuprous  (univalent) 
and  ciipric  (bivoJent)  salts.  The  methods  by  which  a  compound  of 
one  scri(«  may  l>e  converted  into  the  corresponding  compound  of 
the  other  serie-i  should  be  noted. 

The  chief  cuprous  compounds  are  C-'uaO,  CJuCl,  CuBr,  Cul, 
<'uCN,  CujS.  The  cuprous  compound  is  in  each  of  these  caws 
more  stable  (p.  93)  than  the  correspondinR  cupric  compound,  and 
is  formed  from  the  latter  either  by  spontaneous  decomposition, 
as  in  the  cases  of  the  iodide  and  oyanitlc  (2Cu!]  — »  2Cul  +  Ii),  or 
on  heating.  The  cuprous  halides  and  cyanide  are  colorless  and 
insoluble  in  water.  C'uprous-ion  Cu*  seem^  to  be  colorless.  The 
cuprous  salts  of  oxj'gen  acids  have  few  appHcAtions. 

The  cupric  compounds  are  more  numerous,  as  they  include  also 
stable  and  familiar  salts  of  oxygen  acids,  Ukc  CuSO,,  Cu(NOj)j,  cte- 
The  anhydrous  salts  are  usually  colorless  or  yellow,  but  cupric-ion 
fJii*"*  is  blue,  and  so,  therefore,  aic  the  ivqucous  Hulutiotm  of  the 
salts.  The  cupric  an-  mure  familiar  than  the  cuprous  t'ompounds, 
since  cupric  oxide,  Kulphatc,  and  ucctate  arc  the  compounds  of 
copper  which  most  frequently  find  employment  in  cheniiatry  and 
in  the  arts.     All  the  soluble  Milts  of  copper  axe  poUonoui. 

Id  addition  to  (1)  having  two  volancM  Cu'  und  Cu",  and  thvn> 
fore  two  scriiw  of  compounds  (tot  uxidcut,  two  chlorides,  etc.),  each 
of  thcise  stutot  of  copix-r  also  joiuK  with  other  cleiiients  to  form  (2) 
eompl«s  poslttva  ioni  such  aw  Cu(NH»)»*  and  Cii(NHj),''^,  just  lu 
hydrogen  and  ammoniii  form  the  complex  positive  ion  NHt\  and 
the  uiuvftlent  form  also  gives  (3)  stable  complsx  noguira  ions  suoli 
as  Cu(CN)i~,  CuCli".  None  of  the  loetnllic  cicmont!'  discu.-<sed  in 
tiie  two  preceding  chapters  showed  any  of  these  jK-culiiirities. 
Many  of  the  melaU  to  l)e  discuHscd  later  exhibit  one  or  more  of 
thetii,  however.  BcpacUl  attsntlon  iliould  thvrafor*  b*  givvn  to  Uw 
cb*mutr7  of  copper,  in  order  that  the  behavior  which  such  relations 
ent.'iil  may  be  mastered  at  th*-  first  encounter,  ami  the  same  rela- 
tions may  be  instantly  recofi^ized  and  understood  when  they 
reappear  In  other  connections. 
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Then  is  only  on«  other  peculiarity  which  a  metallic  element  fre- 
quKitly  shows,  alihouRh  copper  does  not  exhibit  it.  This  is  (4)  tJie 
ability  of  its  hrdroilcte  to  be,  not  only  bade,  as  metallic  hydroxidea 
by  definition  {p.  4H6)  must  be,  but  ftl«o  addle.  This  beha\->or  we 
encounter  first  in  the  ease  of  gold  (see  p.  520)  and  in  simpler  ai 
more  familiar  form  in  the  case  of  tine  (see  next  chapter). 


Occurrence.  —  Copper  ia  found   free   in  the   Lake  Superio^j 
region.    'I'he  sulphides,  copper  pyrites  CuFeSt  and  cbalcocit^^ 
Ci^,  are  worked  in  Montana,  Utah,  aouthwe^  England,  Spain, 
and  Germany.    MaUchitc,  Cu,(0Hj.CO,  { =  Cu(OH).,CuCO,),  a 
basic   carbonate,  is  mined   in  Arizona,   Liberia,  and  elsewhere. 
Cuprite  or  ruby  copper  CujO  is  also  an  important  ore. 


Extraction  from   Ores.  —  For  isolating  native  copper  it 
only  necessary  to  separate  the  metal,  by  grinding  and  washinft' 
from  the  rock  through  which  it  ramifies,  and  to  melt  the  ulmfiet 
pure  powder  of  copper  with  u  flux  (p.  438).     The  carbonate  and 
oxide  ores  require  coal,  in  nddition,  fur  the  removal  of  the  oxygen. 

The  lilxTfttion  of  copper  from  the  »ulphide  ores  is  difficult,  and 
oft<*ii  involve*  very  cl«lx>rftle  sctiemc*  of  Iresitment.  This  arises 
from  the  fact  that  many  copper  ores  contain  a  Uirge  amount  of  the 
8iilp!iiile.t  of  iron,  and  these  have  to  l)c  removed  by  conversion  into 
oxide  (by  I'oastiiig)  and  then  into  tulicate  (with  sand).  The  silicate 
form»  a  fiux,  and  scparatcii  itaplf  from  the  molten  mixture  of  copper 
find  copper  tnilpliide.  In  Montana  it  is  found  pos-tible  to  abbrevi- 
ate the  treatment.  The  ore  is  first  roasted  until  parti.illy  oxidixcd. 
It  is  then  melted  in  a  cupola  or  a  reverberatory  furnace,  and  placed 
in  large  iron  vessels  like  Beaaemer  converters  {q.v.)  provided  with  a 
lining  rich  in  silica.  .\  blast  of  air  mixed  with  sand  is  next  blown 
through  the  mass.  The  iron  is  completely  oxidized  to  FeO  and 
made  into  silicate  FcStOj,  the  sulphur  escapes  as  sulphur  dioxide, 
and  arsenic  and  lead  are  likewise  removed  by  this  treatment.  The 
silicate  of  iron  floats  jia  a  slag  upon  the  copper  when  the  contents  of 
the  converter  arc  poured  out.  The  resulting  copper  is  pure  enough 
to  be  cast  in  large  plates  and  ptuified  by  electrolysis  (see  p.  51 1). 

Much  copper  ore  is  of  low  grade,  containing  perhapa  only  2 
cent  of  (wpper  ore  and  08  per  cent  of  rock  material.     From  su 
ores  the  usual  methods  of  wauhiug  often  recover  only  70  per 
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or  ks8  of  thi:  coppo-r  ore  present,  and  30  per  ocnt  or  more  is  lost. 
The  (roth  aotation  procau  riii:«e«  tho  propurtiou  rtHMJvvrccI  to  85  or 
90  per  ccul  of  lilt;  whole.  The  finely  cnishwl  ore  is  agitated  with 
wutcr,  to  whi<:h  is  tiddtnl  ^nie  ehcAp  oil  nml  i<onietim«s  a  little 
sulphuric  w.id.  Tlie  mixture  is  then  tillowwl  to  (low  into  ft  lar 
tttok  of  water,  in  which  the  rock  raatt^iiU  iiiinio«liati'ly  sinks  to ' 
botloin  while  the  particles  oS  ore  ore  coiitaiiicd  in  the  oily  froth 
which  rise*  to  the  top.  Tlie  plant  iilw>  occupies  less  thiiti  oiic^tenth 
of  the  space,  and  uses  less  than  hiilf  the  power  required  for  treatitig 
the  some  amount  of  ore  by  washing. 

The  world's  produetiuti  (1913}  i.-*  about  a  million  metric  tons,  of 
which  the  Unite<l  States  furnished  5S  p<;r  ccui,  Houth  America  1 1, 
Japan  6,  and  Germany  -1. 

PhyiiU-at  and  C.hvmiral  Prop^Tties.  —  Copper  is  red  by  p^ 
fleeted  and  grtrni.'Ji  by  traiismituxl  lijiht.  It  melts  at  I0S3',  and 
therefore  much  more  easily  than  puie  iron  (1530*).     Sp.  gr.  8.93. 

In  ordinar)-  air  copper  becomes  slowly  covered  with  a  grevn  batao 
oarbonate  {not  verdigris,  i/.u.).  It  dor^s  not  decompose  water  at 
any  temperature  or  displace  hydrog<-ii  from  dilute  aciiLt  (p.  60). 
The  metal  attacks  oxygen  acids  (pp.  27.1,  3.S4),  however.  Sea- 
water  and  air  slowly  corrode  the  copier  sheathings  of  ships,  giving 
the  liaaic  chloride  Cu,(OH)«("li,Hi()(=  3Cu(OH),,(:uCI,,H,0), 
which  if!  found  in  nature  as  at^kamite. 

On  account  of  its  resistance  to  the  action  of  acids,  copper  is  used 
for  many  kinds  of  vessels,  for  covering  roofs  and  ships'  bottoms 
and  for   coins.     It  furnishes   also  electrotype   reproductions 
medals,  of  engraved  plates,  of  type,  etc.  (see  p.  510).     Groat  quan-l 
tjljos  of  the  metal  arv  u;^d  iit  cl«ctrica]  plants  and  appliances. 

AUoya. —  The  qualities  of  copper  arc  modified  for  special  pur- 
poses by  alloying  it  with  other  mutals.  Brass  cuntains  IS  40  per 
cent  of  ziuc,  and  melts  at  a  lower  tcmjicrature  (p.  134)  than  doca 
copper.  A  variety  with  little  ziuc  is  Ix-utcn  into  thin  sliccis,  gi^-ing 
Dutch  metal  ("gold  leuf").  Broiu«  cuiilaiiis  3-8  per  c^-nt  of  tin, 
11  or  more  per  cent  of  xinc,  antl  some  lead.  It  was  used  fur  making 
wea)>ons  and  tools  before  means  of  hardening  iron  were  known,  and 
latei",  on  account  of  its  fusibility,  continued  to  be  employed  for 
Casting  i;:iti!  displotwd  largely  by  cast  iron  (iliscovcred  iii  tlie  eight- 
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eenth  oentury).  Qun  mstal  oontaii»  10  per  cent,  and  bell  metftl 
20-24  per  cent  of  tin.  0«mun  sUvsr  contains  1&-44  per  cent  of 
rinc  and  6-22  per  cent  of  nickel,  and  ahoWB  none  of  the  color  of 
copper.  In  many  of  these  alloys  the  metals  are  partly  in  tbc  form 
of  chemical  oompouncb,  such  aa  CujSn  and  CuiZn*. 


I 


Cupric  Chlorid*  Cut'la,2llaO.  —  This  compound  is  made  by 
union  of  copper  and  chlorine,  or  by  treating  the  hydrate  or  car- 
bonate with  hydrochloric  acid.     The  blue  crystals  of  a  hjxlraM, 
Ou(;ij,2Hj(>,  are  deposited  by  the  solution.     The  anhydrous  salt 
ia  yellow.     Dilute  solutions  are  blue,  the  color  of  cupric-ion,  but  ^j 
concentrate<i  solutions  are  Kreen  on  account  of  the  preeenoe  of  tbo^| 
yellow  molecules  (p.  249).    The  aqueous  solution  is  acid  in  reaction  ^i 
(p.  437).     When  excess  of  ammonium  hyilroxide  is  lulded  to  the 
solution,  the  basic  chloride,  cupric  oxTcbloride  Cu4(0Il)tC'1t  (see 
above),  which  is  at  first  precipitated,  redia.solves,  and  a  deep-blue 
solution  is  obtained  (see  p.  506),     This  on  evaporation  yields  deep- 
blue  cr)'Etals  of  hydrated  anunonto-cupric  eblorids  f"u(Nn))».Clt, 
H,0.    The  deep-blue  color  of  the  solution,  which  is  given  by  all 
cupric  salts,  is  that  of  ammonio-cupric-ion  Cu(NH»)i'*^.    The  diy 
salt  also  absorbs  ammonia,  giving  CuClj.QNUj,  but  a  reduction  of  | 
preasure  results  finally  in  tlic  loss  of  all  the  ammonia. 

Cuproua  Chloride  CuCI.  ~-  It  may  be  made  by  boiling  cupria 
chloride  solution  with  hydrochloric  acid  and  copper  turnings: 

CuCI»  +  Cu-*2Cua,    or    Cu++  +  Cu— 2Cir*. 

The  solution  contains  compounds  of  cuproua  chloride  with  hydrogen 
chloride  IICI,CuCl,  or  HCuClj  and  IIiCuCU,  which  arc  decompositl 
when  the  acid  iK>lutioii  is  diluted  with  water.  The  cuprous  chlo- 
ride is  insoluble  in  water,  and  forms  a  white  crystalline  precipitate. 

llic  foregoing  action  is  an  illustration  of  the  Bfth  kind  of  loaU 
chemical  change,  namely,  that  in  which  a  change  in  Talence  (and  also 
m  the  amount  of  the  electrical  cliargc),  occurs,  without  any  altera- 
tion in  the  compo«tiou  of  the  ionic  substance.  For  other  illustra* 
tiona  sec  pp.  log  (Mn***+  +  4C1"  —  Mu++  +  2Cr  +  CI,),  501. 

Cuprous  chloride  is  hydrolyjted  quickly  by  hot  water,  giWng, 
finAlly,  red,  hydratcd  cuprous  oxide,  CujO.  When  dry  it  is  not 
alTccted  by  light,  but  in  the  moist  state  bcconic«  violet  and,  finally. 
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nearly  black.     The  action  is  aaitl  to  be  2CuCl  -♦  CuCli  +  Cu.     In 
muidt  air  it  turns  Rreen,  and  i&  oxidized  to  cupric  oxychloridc  (p. 
501)-     It  b  disswived  by  hydrochloric  acid,  giving  the  colorless 
complex  acids  HCuClj  and  H-Cu(;i)  just  mentioned  (sew  below). 
The  solution  is  oxidised  by  the  air,  turning  first  brown  and  thcoJ 
green,  and  Snatly  depositing  the  cupric  oxychloridc.     It  also  haa 
the  power  of  absorbing  carbon  monoxide,  to  form  a  compound 
said  to  be  Cu(f'0)Cl,!IiO.  and  the  property  is  used  to  separataJ 
this  ^8  in  analyzing  nibctures  of  guses.     Cuprous  chloride  also" 
diasolvea  (see  p.  506)  in  ammonium  hydroxide,  giving  ammonlo 
cuprous  cblorida  Cu(NH])i.Cl,  the  iou  Cu(NH»)i*  being  colorlcw, 
Tiic  solution  id  (luiekly  oxidiiccd  by  the  air,  turns  dccp-bluc,  and] 
then  contain*  Cu(NHa)<-*^. 

The  Bromide»  and  Iodide»  qf  Copper.  —  By  treatment  of 
copper  with  bromino-wiiter,  find  slow  cvuiKirntion  of  the  i^lutiou,^ 
iet-l)liick  crv'stJils  of  anhydrous  cupric  t>romid«  CuBrj  are  obtained 
(^.  p.  349).    When  dry  cui>rio  bromide  ia  heat«d,  bromine  is  git 
off,  and  cuproua  bremld«  CuBr  reiimins. 

Cupric  iodido  (!iili  appears  to  be  unstable  at  ordinary  tempera- 
tures.    Whfn  a  siiKiblf  i<Klide  is  ndded  to  a  cupric  salt,  a  white 
precipitate  of  cuprous  Iodido  <'ul  and  free  iodine  are  obtained: 
SCu-"-  +  4I"ti2Culi  +  Ii. 

The  Soiution  of  Insoluble  Salts  when  Complex  tons  are 
Formvd.  —  The  rM^lution  of  an  insoluble  8ftU  like  cuprous  chloride 
bj'  hydrochloric  acid  or  ammonium  hydroxide  is  typical  of  a  great 
variety  of  actions  of  which  we  here  meet  with  the  first  examples. 
Compound  or  complex  ions  arc  formed  {cf.  p.  501).  The  explana- 
tion involves  only  principles  alreadj-  usctl  in  other  cases. 

The  dissolving  of  cuprous  chloride  in  hydrochloric  acid  (p.  505), 
to  form  soluble,  complex,  highly  ionised  acids  like  H.CuCIi  is  a 
typical  case.  The  complex  negative  ion  CuClj"  which  is  formed 
is  very  Uttle  dissociated  ^CuClt~i=iCu"'"+ 2C1~),  and  pvcs  a 
smaller  concentration  of  Cu*  than  does  the  insoluble  ouprowt  chlo- 
ride. The  ion-product  of  cuprous  chloride,  and  the  conecntriw 
tion  relations  of  the  ionic  substance  CuCU"  and  its  diaaoeiatioa 
products  (Cu*  and  2CI~)  are  eymboUied  as  follows: 

tCu-^]  X  [cri* 
(CuC!,"l 


lCu+]  X  IC1~]  -  K' 
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The  Vftlue  of  ICu'*']  from  cuprous  chloride  (first  formula)  is, 
general,  greater  than  its  value  from  the  ion  CuCIt"  of  HfuCl, 
(second  formula),  when  excess  of  IICI  is  present.  Hence,  the  Cu* 
teiida  to  pass  over  into  the  more  stable  compound,  where  it  is  more 
completely  combined.  More  CuCl  dissolves  to  replace  the  Cu* 
which  has  been  removed,  and  the  change  stops  when  the  CuCl  is 
all  dissolved,  or  the  values  of  [Cu*]  from  both  compounds  have 
become  equal.  Tlius,  the  complex  ion  is  formed  .-tt  the  expense  of 
the  Cu''  of  the  inKolublc  cuprous  chloride,  and  the  latter  goes  into 
solution  progressively  in  the  effort  to  restore  the  balance: 

c«a  (solid)  ^CnCi(tuivd)i^rr  +c«+  l-r,.n-(d«ivd^ 

2IICI  13  2H+  +  2Cr  I  *="  '^""'   (dslvdJ. 

The  same  ex&ci  laws  of  equilibrium  used  in  discussing  the  dis«olv* 
ing  of  salts  by  acids  (p.  481)  may  be  applied  to  the  whole  procedure. 

The  dit-tolving  of  cuprous  chloride  by  the  free  ammonia  of  ammo- 
nium hydroxide  is  explained  in  the  same  way,  'llie  only  difff  rcnre 
is  that  here  the  copper  is  in  a  complex  ponliiv  ion.  Tl>e  ton 
Cu(NHj)='''  Rives  little  Cu+  —  less  than  does  cuprou.'i  chloride,  in 
Bpite  of  the  insolubility  of  the  latter.  Hence  the  salt  passes  into 
solution  until  the  ion-product  ICu']  X  [Cl~l.  with  continually  in- 
ereiising  |CI"|,  reaches  tho  value  for  a  saturated  solution  or  untJI 
thn  solid  is  exhausted. 

The  deep-colored  ion  Cu(NHi)i**  given  by  cupric  chloride  and 
other  cupric  snlls  i»  also  very  IJttle  ionized.  Hence  ammonium 
hydroxide  dissolvos  all  the  ineiolublc  cupric  compounds  sa^'e  only 
cupric  sulphide,  which  is  the  most  insoluble  of  all  —  that  is,  the  one 
giviTig  the  smallest  conceotration  of  cuprio-ion.  Couversely,  the 
sulphide  lit  the  only  inaohible  compound  of  copper  which  can  be 
prircipitated  from  aramoniacal  solution. 

Foregoinf!  ExplanHllon  JT«*s(nl*tr!.  —  We  ma\'  rr^tntc  the 
explrjnal inn  by  answering  a  (luestioii.  Why  doa>  cuprous  chlortda 
lnt«ract  with,  and  go  Into  Bolution  in  hTdroohiorio  add?  Biwausc 
tt  forma  a  complex  compound  HCiiCl-,  nnd,  with  the  concentrations 
usually  employed,  the  molecular  concentration  of  cuprous-ion  in  th* 
■olublUty  product  of  cuprous  chloride  is  Kreatsr  than  the  moleoular 
concentration  ot  the  same  Ion  in  the  aotutlon  of  the  complex  oom- 
pound. 
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'  Tha  answer  in  other  c«sflB  Cakes  the  lamQ  form.  Thus,  for 
cupric  hydroxide  Cu(OU)i  disserving  in  anunoniutn  hydroxide 
solution,  substitute  cupric  hydroxide  for  ouprous  chloride  and 
Cu(NlI.),(OH),  for  HCuCI,. 

Cuprous  Oxide  CufjO.  —  This  oxide  is  red  in  color,  and  nalural 
Bpcfimena  show  octahedral  fomna.  It  is  produced  by  oxiilation  of 
finely  divicji^d  copper  at  a  gentle  heat,  or  by  the  addition  of  bases  lo 
cuprous  cliloride,  and  is  beat  made  by  the  action  of  glucose  (p.  4(M) 
on  cupric  hydroxide  (see  Fchling's  solution,  below).  The  sunple 
bydroiide,  CuOH,  is  unknown,  but  the  almve  mentioned  pirv 
ci|iiUili'  is  a  hydrated  oxide  4CuiO,IIiO,  and  yields  CujO  when 
heated. 

Cuprous  oxido  ia  acted  upon  by  hydrochloric  acid,  giving  cu- 
prous chloride,  or  rather  HCuClj.  It  also  dissolves  in  lunmonium 
hydroxide,  ^ving,  probably,  Cu(XH))i.OH,  which  is  colorless.       i 

Cupric  Oxide  and  Hydroxide.  —  Caprio  oxide  CuO  (black)  is 
formed  by  hcjititig  cjppcr  in  a  .■•trcjira  of  oxygon  or,  in  k-s*  puns 
form,  by  igniting  tlif  uilrate,  carbonate,  or  hydroxide,  ftlifu 
heatett  strongly  it  loses  some  oxygen,  and  is  partly  reduced  to 

IjCutO. 

P  Cupri«  hydroxide  Cu(OH)t  is  precipitated  aa  a  gelatinous  siil>* 
stance  by  addition  of  sniiium  or  potassium  hydroxide  to  a  solution 
of  a  cupric  salt:  C11++  +  20ir  -•  CuCOH)}.  When  the  mixture 
is  boiled,  the  hydroxide  loses  water  and  fortna  a  black  hydrated 
cupric  oxide  Cu(0H)s,2(*u()(?). 

The  hydroxide  interacts  with  ammonium  hydroxide,  forming  the 
soluble  compound  Cu(NH])(.(OH)t,  which  has  a  deep-blue  color. 
Cellulose  (cotton  or  paper)  is  soluble  in  this  solution,  and  is  re- 
precipitated  by  sulphuric  acid.  Artlflcial  allk  is  made  by  preasbg 
the  solution  through  dies  into  the  precipitant.  Paper  and  cottor 
goods,  when  passed  hrst  through  one  and  then  the  other  of  theso 
liquids,  receives  a  tough,  w&Uiproof  surface, 

Cupric  hydroxide  interacts  with  a  solution  of  Rochclle  salt, 
giving  a  soluble  compound.  The  liquid  is  known  as  FehUnc's 
■olutlott,  and  is  used  in  testing  for,  and  estimating  quantities  of 
glucose  (p.  4(>i),  and  other  reducing  substance*.  Cuprous  oxide 
m  precipitated  (see  above). 
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Cupric  Nitrate  Cu{!\'Oi)a^6HaO.  —  The  nitrate  is  nmtie 
treating  cupric  oxide  or  copper  with  nitric  acid  (p.  3M),  and  is 
obtained  from  the  solution  as  a  deliquescent,  crystalline  hsxahy- 
draM.  'Wlien  dehydrated  at  6fi°  the  salt  is  partly  hydrolyzed, 
and  a  basic  nitrate  Cu4(0H)t(X0j)i  reJiiains. 

Carbonate  of  Copper.  —  No  normal  carbonate  (CuCOj)  can ' 
obtained.    A  baaic  cu-bonaM  (iiiaUchite)  is  found  in  nature,  and  ii 
precipitate  by  adding  »K)lubIc  carboiuit«a  to  cupric  salts: 

2CuSa  +  2Na,C0,  +  H,0  -» Cu,(OH),CO,  +  2X«^04  +  COi. 
The  carbonate,  if  formed,  would  be  hydrolyzed  by  water  (p.  437). 

Cyanides  of  Copper.  —  With  potassium  cyanide  and  a  solution 
of  a  cupric  silt,  cupric  cranids  Cu(NC)i  is  precipitated.  This  is 
not  !<tabli',  however,  and  gives  off  cyanogen,  leaving  cuproua 
cranid*  CuNC: 

2Cu(NC),^2CiiNC  +  CN,. 


Cuprous  cyanide  is  insoluble  in  water,  but  interacts  with  an  excess 
of  potassium  cyanide  sululion,  produciug  a  culorlcsH  hquid,  from 
which  K.Cu(CN)i  (^  KCN,CuCNj.  potauium  ouprooyaDld*,  may 
be  obtatn«d  in  colorless  <Tji<tal!*.  Tlie  complex  anion  Cu(CN)i~  is 
80  little  ioiiixcd  to  Cu+  and  2CN"  that  all  insoluble  copper  com- 
pounds, indtuling  cupric  sulphide,  are  disw>lved  by  potAseium 
cyanide;  and  none  of  them  caii  be  precipitated  from  the  solution. 
Zinc  is  actually  unable  to  dLsplaee  copper  from  such  a  »olution. 
The  cauoe  of  the  solution  of  the  salts  is  the  same  as  when  the  coni- 
ple-x  ions  Cu(NH,),+,  Cu(NH,),-^+,  and  CuCirare  formed  (p.  505J 
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Cupric  Acetate.  —  By  the  oxidation  of  plates  of  copper,  sepa- 
rated by  cloths  saturated  with  acetic  acid  (vinegar),  a  basic  acetataj 
of  copper  (verdigris)  is  obtained: 

6Cu  +  8HC,HA  +  3a-'2Cu,(OH),(C,H,CW4  +  2HaO. 

It  is  used  in  manufacturing  green  paint,  is  insoluble  in  wat«r,  and  \s' 
unaffected  by  Light.     It  dissolves  in  acetic  add,  and  green  crystals 
of  the  nomuU  aoetat«  Cu(CtHtO|)t,HiO  are  obtjiined  from   th«j 
solution.    The  ba^c  aoetate  is  used  ta  preparing  Paris  gr««n. 
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Citpric  Sulphate  f'uSOf  — This  salt  is  obtained  by  beating 
copper  in  a  furnao!  with  milpliur,  and  admittiog  air  to  oxidiiie  the 
cuprous  sulphide.  The  nuxture  of  cupric  sulphate  and  cupric  oxide 
which  is  formed  Lh  treated  with  sulphuric  aoid.  The  suit  is  also 
made  by  allowing  dilute  sulphuric  acid  to  trickle  over  gruDulat«d 
copper,  while  air  has  free  access  to  the  material: 

2Cu  +  2H,S0,  +  O,  -.  SCuSO*  +  2H,0. 

This  is  aa  example  of  the  use  of  two  reagents  which  separately  have 
little  or  no  action  (</.  pp.  426, 431).  When  concentrated  and  very 
hot,  sulphuric  acid  will  itufii  act  att  the  oxidizing  agent  (<-/.  p.  276). 

Cupric  sulphate  crystallites  as  pantahTdrat*  CuS04,5EI^  in  blue 
asymmetric  crystals  (Fig-  52,  p.  9S),  and  ui  titis  form  is  called  bluo< 
■tons  or  blu»  vitriol.  The  aqUeuus  .'iiulution  bus  an  acid  reaction 
(p.  437).  The  aiiliydrouH  salt  is  white,  and  can  be  crystallized  in 
thin  necdlcx  from  itolutiun  in  hot,  concentrated  sulphuric  acid  (c/. 
p.  95).  Cupric  milpiiate  Is  employed  in  coppcr-plaltng  (see  p. 
510),  in  batbericj,  and  as  a  mordant  in  dyeing  (,q.v.),  A  minute 
proportion  is  added  to  drinking  water,  to  destroy  alga,  which  other- 
wiac  propagate  in  the  reservoirs  and  give  a  diKiigrccuble  taste  and 
odor  to  the  water.  A  solutiuti,  tiiixed  with  milk  of  lime  (Cu(OH)i 
ia  precipitated),  Bordaaux  isixtur*,  is  largely  used  as  a  spray  on 
grape  vines  and  otiior  plants  to  prevent  the  growth  of  fungi. 

When  ammonium  hydroxide  is  added  to  cupric  sulphate  solu- 
tion, a  pale-grocn  Iwisic  Huiphate  Cu4[OH)^4(?)  is  first  precipi- 
tated. With  excess  of  the  hydroxide,  the  blue  CuCNH*)*-'^  ion 
(p.  S06)  is  formed,  and  crystals  of  unmoDlo-cupric  »ulpbat« 
Cu(NHi)t.S04,HjO  can  be  obtaineii  from  the  solution. 

Cuprie  sulphate  also  combines  with  potassium  and  ammonium 
sulphates,  giving  doubl«  salts  of  the  form  Cu80i,KiSOt,6HiO,  which 
are  deported  in  Iiirge,  rnono^ymmetric  crystals  frurn  the  mixed 
solutions.  Double  salts  (p.  245)  exist  as  such  in  the  soIi<l  form 
only  and,  in  water,  are  resolved  into  the  components  and  their 
ions. 


The  Sulphides  t^  Copper.  —  Cuprous  sulphlds  CugS  occurs  io 
nature  in  rhombic  crystals  of  a  gray,  metallic  appearanoe.  It  is 
the  sulphide  formed  by  direct  union  of  the  elements.  Cuprlo 
■ulpbld*  CuS  ia  deposited  as  a  black  precipitate  when  hydrc^^en 
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sulphide  is  lod  tttruugfa  a  gulutiun  of  k  cupric  salt.  When  healed, 
it  leaves  cuprous  sulphide  aud  sulphur  vapor  is  given  off. 

Analytical  Reactions  of  Compoiinda  <>f  Copper.  —  The  ioD 

of  ordinary  cuprii;  salts,  cupric-ion  Cu**,  is  blue,  and  that  of 
cuprous  salts,  eiiprous-ion  Cu'',  is  colorless.  Cuprous  solutions, 
hovrcvcr,  arc  cawly  oxidized  by  the  air  and  become  blue.  In  wlu- 
tions  containing  cuprio-ion,  hydrogen  sulphide  precipitates  eupric 
sulphide,  even  in  presence  of  acids  (p.  483).  Bases  throw  down 
the  blue  hydroxide,  and  carbonates  precipitate  a  green  biisic  salt 
(p.  508),  Potassium  ferrocyanido  ^ves  the  brown,  gelatinous 
cupric  ferrocyanido: 

2CU.SO4  +  K..Fe(CN),  fi  Cu,.Fc(CN),  i  +  2KS0*. 

A  charaet^rifltie  teat  is  the  formation  of  the  deep-blue  Cu(NHj)4^^ 
ion  with  excessi  of  ammonium  hydroxide.  This  solution  itaelf 
responds  to  certain  precipitants  only  (e.g.,  HjS),  Solutions  of 
complex  cuprous  cyanides  such  as  K.Cu(CN}i  are  eolorless,  and  do 
not  respond  to  any  of  the  above  tests.  With  mirrocosmic  salt  or 
borax  (pp.  371,  433),  copper  compounds  form  a  hftid  whieh  ia 
blue  in  the  oxidizing  part  of  the  flame  and  becomes  red  and  opaque 
(libcratioa  of  copper)  in  the  reducing  ilame. 

El^ctrotyping.  —  When  plates  of  platinum,  connected  with  a 
batterj',   arc  immcraed   in   cupric   sulphate   solution,   copper   ia 

deposited  on  the  cathode  (negative 
pole).  The  sulphate-ion  SO*^  mi- 
grates (p.  229)  towards  the  anode 
(positive  pole)  and  there  liberates 
sulphuric  acid  and  oxygen  (p.  228). 
If,  however,  the  anode  is  made  of 
copper,  the  S0»—  migrates,  but  is  not 
discharged.  Instead,  copper  goes  into 
solution  (Fig.  120)  as  Cu*^,  in  amount 
equal  to  that  deposited  on  the  oth^ 
pole.  Thus,  the  only  changes  are,  (1)  an  increase  in  concen- 
tration of  cupric  sulphate  round  the  positiw  pole  anode,  and 
(2)  a  transfer  of  copper  from  the  copper  anode  to  the  cathode 
(eeg.  p.  511). 
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A  copper  eUctrotypa  of  a  nictkl  (or  a  page  ot  type)  m  made  by 
firrt  priipiiriiig  ii  cast  of  the  medal  iu  pUistcr  of  Paris,  gutta  percha, 
or  wax.  The  surftiw  of  ibo  cast  in  then  rubbed  with  graphite,  to 
render  it  a  conductor,  and  the  cii£t  is  then  used  as  the  cathode  in  a 
cell  with  a  copper  aiiode,  like  that  just  described.  The  deposit  of 
cop])er,  when  heavy  enough,  is  stripped  off.  In  making  book . 
platen,  the  cast  is  made  with  wax,  and  the  copper  eleetrotv-pe  is^ 
strengthened  and  thickened  by  filling  the  back  with  melted  lead.* 


Copper  R*-fining.  —  The  tenacity,  duotility,  and  conducti\ity 
of  copiKT  .ire  seriously  affected  by  small  amounts  of  impuritien, 
Bucb  as  cuprous  oxide  or  sulphide,  which  are  solulile  in  the  molten 
metal.  Arsenic  amounting  to  O.O:)  per  cent  Inwera  the  eonductanoel 
ftbout  14  per  cent.  There  are  also  diver  and  gold  in  smelter 
copper.  HcJice,  a  large  proportion  of  the  copper  on  the  market  is 
purified  by  electrolysis.  The  principle  is  the  same  as  that  used 
in  electrot>"ping.  Thin  sheets  of  copjier  form  the  cathodes,  and 
thick  plates  of  copper  the  anodes.  These 
we  su.fpended  alternately  and  close  to- 
gether in  largo  troughs^  Ujied  with  lead, 
and  filled  with  cupric  inilpbat«  solution 
(Fig.  121,  diagrammatic,  view  from  above). 
The  cathodes  arc  all  connected  with  the 
negative  wire  of  the  dynamo,  and  the 
anodes  with  the  positive  one.  The  Cu""" 
is  attracted  to  the  cathodes  and  is  deposited 
upon  them.  The  S0»=  migrates  towards 
the  anodes,  where  copper  from  the  thick 
plate  beca[iH»  ionisted  in  equivalent 
amount.  The  alock  of  cupric  itulphato 
thus  remains  the  same,  and  the  liquid  is 
stirred  to  keep  the  8iil|>hate  from  accumu- 
lating close  to  the  unodos.  The  practical  effect  of  the  dectrol>-H8  is 
to  carrj-  copper  across  from  one  plate!  to  the  other.  The  cathodes 
are  removed  from  time  to  time,  and  the  deposit  of  copper  is 
stripped  from  their  surface.  Fresh  anodes  are  substituted  when 
the  old  onc«  are  eaten  away.    Since  there  is  no  final  decompoBH 

*  For  aieir>pAp«n,  n  pUit<'  i«  inikHc  frnm  the  caal  of  iho  type  morp  quickly 
by  meaiw  of  mettcd  stfrNtrp*  tonal  (lewd,  tuitioiony,  tiu;  82  :  IS  :  3). 
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tion  of  any  cuprk  sulphate,  the  only  electrical  energ>'  required 
ia  that  necea8ar>-  to  overcome  the  friction  of  the  moving  ions. 
Hence,  a  ver>'  small  difference  m  potential  (}em  than  0.5  volte) 
is  sufficient  (see  p.  MD). 

The  less  active  metala  which  are  mixed  with  the  copper  in  the 
anode  are  not  ionized,  because  there  ia  plenty  of  the  more  active 
copper  to  carry  the  current.  These  metala,  and  traces  of  eulpbidee, 
therefore,  fall  to  the  bottom  of  the  vat  aa  a  aludge.  Zinc  and  other 
metub)  more  active  than  copper,  however,  are  ioniied.  Conversely, 
at  the  cathode,  the  copper,  being  the  least  active  metal  present 
in  ionic  form,  is  alone  deposited.  There  is  no  tendencj-  to  dis- 
charge zinc  or  hydrogen,  for  example,  so  long  as  there  are  plenty 
of  the  more  easily  discharged  copper  ions  available  (sec.  p.  549). 
In  this  way,  copper,  99.8  per  cent  pure,  is  obtained,  gold  and  aSver 
are  reco^-erod  from  the  sludge,  and  the  bath  liquid  is  removed 
from  time  to  time  for  purificatioD  from  the  more  active  metals  it 
acquinM. 

SrbVKR 

CSu^miml  Relnti€>ns  oj  the  Elrnnrnt.  —  This  element  presenta 
a  curious  assortnient  of  chemical  properties.  It  diffpra  from  copper 
in  having  a  strongly  basic  oxide,  and  in  fdving  salta  with  active 
acids  which  are  not  hydrolyzed  by  water.  In  these  re-ipects  it ' 
approaches  the  metals  of  the  alkalies  and  alkaline  earths.  It 
resembles  copper  in  entering  into  complex  compounds,  and  in 
giving  insoluble  halidee.  It  differs  from  both  copper  and  the 
metals  of  the  alhaUes,  and  rest^mbtes  gold  and  platinum,  in  that 
its  oxide  is  easily  decomposed  by  heat,  with  formation  of  the  free 
metal,  and  in  the  low  portion  it  occupies  in  the  electromotive 
series  and  the  consequent  slight  chemical  activity  of  the  free 
metal. 
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Oocurrenc«.  —  Native  silver,  usually  scattered  through  a  rocl^  | 
matrix,  contains  varying  amounts  of  gold  and  copper.  Xativo  | 
copper  always  contains  dissolved  silver.  Sulphide  of  silver  (A|^) 
occurs  alone  and  dissolved  in  galcnit«  (PbS).  Smaller  amounts  d 
the  metal  arc  obtained  from  pyrargyritc  AgiSbSj,  proustite 
AftA.'iSi,  anfl  honi-silvcr  AjtCI.  The  ctucf  supplies  come  from 
Galiforoia,  Australia,  and  Mexico. 
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Metallurgy.  —  The  silver  conUined  free,  or  as  sulphide,  m 
ores  of  copper  iind  lead,  is  found  in  the  free  state  dissolved  in  the 
metab!  extracted  from  these  ores,  and  is  secured  by  rcSning  them. 
In  the  electrolytic  refining  of  copper,  silver  is  obtained  from  the 
mud  depoeiteid  in  the  baths  (p.  512).  The  proportion  present  in 
lead  is  uauidl>'  siiiull.  Parka's  proc«u,  by  which  the  silver  is 
separated  from  the  lead,  takes  iulvanlage  of  the  fact  that  molten 
zinc  and  icjui  »rc  practically  iunoluble  in  one  another,  while  silver 
is  much  more  !<uluble  in  zinc  than  in  kvid.  L<>ad  dissolves  1.6  per 
cent  of  zinc,  and  cine  1.2  per  cvut  of  lead.  The  principle  is  the 
same  as  in  thp  removal  of  iodiin-  from  water  by  ether  (p.  129).J 
The  lewd  is  melted  and  thoroughly  mixed  by  machinery  with  ai 
muill  proportion  of  Jiinc.  After  a  short  time  the  sine  floats  to  the 
top,  carrying  with  it  almotit  all  of  the  silver,  and  t«olidifie«i  at  a 
temperature  at  which  the  lead  U  still  molten.  The  zinc-«jlvef 
alloy,  largely  a  compound  AfcZni,  is  akimme<l  off,  and  heated 
moderately  in  a  furnace  to  permit  the  adherinR  lead  to  <lrain  way. 
The  sine  is  finally  distilled  off  in  clay  retorta,  and  the  load  remain- 
ing with  the  silver  is  removed  by  crupeUation.  This  operation 
cou^sts  in  heating  the  molten  metal  strongly  in  a  blast  of  air.  The 
lead  is  convertc<l  into  hthargr  (PbO),  which  flows  in  molten  con- 
dition over  the  edge  of  the  cupel,  and  the  silver  is  then  cast. 

Ores  of  silver  which  do  not  contain  much  or  any  lead  are  often 
smelted  ^^'ith  lead  ores,  and  the  product  is  treated  as  described 
above,  but  many  other  processes  are  m  use.  The  gold,  which  goes 
with  the  silver  in  Parke's  process,  is  eeparatcd  electrolytically 
(p.  511).  Plates  of  the  silver-gold  alloy  form  the  anode,  and  silverj 
iiitralt?  .-wlution  the  vat-li<itiid.  The  silver,  l>eing  the  more  activ«1 
metal,  is  ionixed  and  deposited  on  the  cathode,  while  the  gold 
collects  08  a  ]K>wiler  in  a  bag  surrounding  the  anode.  ■ 

During  the  first  half  of  the  ninet'eenth  ceatur)'  the  world's  total^ 
output  of  silver  averafjed  only  043  tons  per  year.     Up  to  1870  a 
gram  of  gold  could  buy  IJ>.Ji  g.  of  silver.    Now  that  the  ppoduc-, 
tion  has  reaehe<l  7800  tons,  the  same  amount  of  gold  purchaaen 
about  40  R.     The  chief  sources  (Iflll)  are  Mexico  2460  tons,  Unit«d 
States  18S0,  Canada  1018,  Europe  525. 

Physical  Proptrtiea,  —  Pure  silver  is  almost  perfeoHy  white. 
ItmdtsatV60°.     Itssp.gr.  is  lti.5.     Iteductility  is  such  that  wires 
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can  be  drawn  so  fine  that  2  kilometexs  wvigh  only  about  1  g. 
the  molten  condition  it  absorbs  mcchantcully  ut>out  twi-iity-two 
time's  its  own  volume  of  ox)'geti,  but  gives  up  Hliriutt  uU  of  lias  us 
it    solidifies.     Faiitiistically    irregular    masses    ivsult    from    the 
"sprouting"  or  "spitting"  which  at'couipaaiex  the  escape  of  thi 
gas. 

By  addition  of  ferrous  citrate  to  silver  uitrutc,  a  rod  solution  tuid 
lilac  precipitate  of  free  silver  can  be  made.  The  httU^r,  afUr 
wimliing  with  atimioiiium  nitrnte  sululion,  giv<»  a  n^d,  i-ulloidiil 
solution  in  water  (r/.  p.  416).  It  is  a  ucgiitivcb'  charguU  coUmd, 
and  is  coHguIuted  by  bivalent  positive  ions. 

Silver  is  alloyed  with  copper  to  render  it  lwrii«r.  The  silver 
coiiiiige  of  the  I'liited  Stuteiii  and  tlie  continorit  of  Kurope  has  a 
"finetuws  of  900"  ((HX)  parts  of  .silver  in  1000),  and  that  of  Crwtj 
Britain  92o.    Silver  oniamenta  have  a  fineneoR  of  800  or  more. 
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Chemical  Propertteti.  —  Silver,  when  cold,  is  oxidized  by 
ozone,  but  not  by  oxyRen  (see  silver  oxide).  It  doea  not  ordinarily 
displace  hydrogen  from  aqueous  solutions  of  acids.  Sulphur  com> 
pounds  in  the  air  tarnish  the  surface,  producing  A^,  as  do  also 
eggs,  secretions  from  the  skin  (proteins,  p.  422),  and  vnlcanixeii 
rubber.  Silver  interacts  with  cold  nitric  add  and  with  hot,  con- 
centrated sulphuric  acid,  giving  the  nitrate  or  sulphate  of  silver 
and  oxides  of  nitrogen  or  of  sulphur  (pp.  354,  276). 


The  llalides  oj  Silver. —  The  chlorida  AgC'l,  bromide  AgBr, 
and  iodldo  Agl  hr-  funned  as  curdy  preri|)itittes  when  ii  salt  of  silver 
is  fiddt'd  to  n  ^ulutiuu  eontiuniiig  the  iLpproprintc  Imlide  ion.  Tbs 
first  is  white,  and  melts  at  about  4.')7*.  The  second  and  third  are 
very  pale-yellow  and  yellow  respectively.  The  insolubility  Iq 
water,  wluch  is  very  great,  increases  ui  the  above  order. 

When  exposed  to  liglit,  the  chloride  becomes  Bret  violet  (eol- 
loidid  silver,  dispersed  in  the  .\gCl)  and  finally  brown,  chlorine 
being  liberated.     The  bromide  and  iodide  behave  similarly, 
silver  chloride  absorbs  ammonia,  forming  at  low  pressures  2AgCI 
3NHj,  and  with  higher  pressures  of  nnuuonia  AgCl,3NIIi. 


I 
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Complex  C^mpounda  of  Silver.  —  Silver  etdoride  dissolves! 
eaiiily  in  excels  of  auiinonium  hydroxide,  living  the  complex  catioa  j 
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Ag(NH»)]''--  The  bromide,  which  is  less  readily  soluble,  givea  the 
same  complexion.  The  icxlide  is  hardly  soluble  at  all.  .-Vnimoiuo- 
argentic-ion  Ag(NHj)i'',  in  solutions  of  concentratioDS  such  as  are 
commooly  uaod  (0.  lA'  to  A"),  gives  about  the  same  concentration  of 
argcntion  Ag*  im  does  the  bromide,  and  much  more  than  the  highly 
insoluble  iodide  (c/.  p.  506).  liciiw  the  latter  is  uliiiOMt  insoluble 
in  amniooium  hydroxide,  and  can  be  precipitated  in  ammoniucid 
flolutiun,  All  three  of  the  insoluble  hitlldts  interact  with  solution-t 
of  potassium  cyanide  and  of  sodium  thionulphate,  and  go  into 
solution,  afi  do  al»o  all  the  other  insoluble  itilver  salts.  Usually  an 
equivalent  amount  of  the  cyanide  or  thiosulphatc  suffices,  but  for 
complete  interaction  with  the  sulpliidc  an  excess  is  required.  With 
the  cyanide,  double  decomposition  gives  first  the  insoluble  silver 
cyanide  ^VgC'N,  which  then  dissolve:^,  forming  the  soluble  pouuium 
WK«nticyanld«  K.Ag(CN)).  The  thiosulphatu  gives  a  Milutiou 
containing  the  complex  salt  Na)-Ag(SiO))i.  The  more  active 
metals,  Uke  sine  and  copper,  displm:c  silver  from  all  solutions, 
whether  the  solutions  contain  simple  or  complex  suits. 

Oxitleti  of  Silver.  —  When  sodium  hydroxide  b  added  to  a 
solution  of  a  salt  of  silver,  a  pale-brown  precipitate  is  obtained, 
which,  after  being  freed  from  water,  is  found  to  lie  arceotlc  arid* 
Ag|0,  and  not  AgOH.  The  aqueous  solution  of  argentic  oxide, 
however,  is  distinctly  alkaline,  and  presmnably  therefore  does 
ccntam  the  hydroxide:  2AgOIlF^Ag:0  +  UjO.  It  is  an  active 
basic  oxide.  When  moist,  it  absorbs  carbon  dioxide  from  the  air. 
With  ammonium  hydroxide  it  forms  the  soluble  Ag(NH»)(.OH. 
When  the  oxide  is  heated,  it  gives  off  oxygen,  leaving  metallic  silver. 
The  action  is  reversible  and  at  302"  the  dissociation  pressure  of  the 
oxygen  is  20-5  alinosphercs.  At  a  luglier  pressure  than  thie,  tbcn^ 
fore,  oxygen  will  combine  with  silver  (at  302°). 

Silver  i>erosld«  AgjOj  i.*i  formed  by  th«  action  of  o«on«  on  «Iv«r. 
In  the  clciti-cjlj'.ii-t  of  sih'er  nitrate  a  deposit  of  shining  black 
crystals  which  contain  .some  silver  peroxide  is  formed  on  the 
anode. 

Salts  of  Silver.  —  SUnr  nitrate  AgNOj  is  obtained  Tiy  treating 
silver  with  aqueous  nitric  acid: 

3Ag  -t-  4UN0,  —  3AgN0,  +  NO  +  2H,0. 
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From  the  solution,  colorless  rhombic  cryatsls  are  deposited. 
These  melt  at  208.6".  Thin  sticks  mudc  by  emtting  (lunur  nkUJKtic) 
are  used  to  cauterize  sores,  because  the  substance  combine*  with 
proteins  to  form  insoluble  compounds.  The  aqueous  solution  is 
Ticutral.  The  pure  !?aJt  is  not  affected  by  li^t,  but  when  dcpositwl 
OQ  cloth,  on  tbc  skin  of  the  fingers,  or  oq  the  mouth  of  ihc  rcugeut 
bottle,  it  is  reduced  by  organic  matter,  and  silver  is  libiH-atcc].  For 
this  reason  tt  Is  an  ingredient  in  some  marking^inks. 

SUvtr  carbooats,  the  neutral  i«tlt  AgiCC^,  and  not  a  baste  Wf 
bonat«,  is  precipitated  from  solutions  of  salts  of  silver  by  soluble 
carbonulus.  It  is  slightly  yellow  iii  color.  With  water  it  gives  a 
faint  alkaliuc  rcactiou  and,  like  calcium  carbonate,  is  scrfuble  tr 
excess  of  carbonic  acid  (p.  384).  When  heated,  the  carbonate 
decomposes,  leavmg  metallic  silver.  The  sulpbato  AgiSO*  is  made 
by  the  action  of  conocutrate<l  sulphuric  acid  on  the  metal.  AVTien 
it  in  mixed  with  a  solution  of  aluminium  sulphate  iq-V.),  octahedral 
crystals  nf  sUvar-alum  .XtoSO*.  AU(SO()j,24H5(>  are  obtained.  Silver 
sulphide  Af!iS  is  precipitated  by  hydrogen  sulphide  from  solutions 
of  all  silver  compounds,  whether  free  acids  are  present  or  not,  and 
irrespective  of  the  form  in  which  the  silver  is  combmed.  Excess  of 
potaEtriutn  cyanide,  however,  prevents  its  precipitation  from  (lie 
ar^enticyanide.  The  sulphide  is  formed  by  the  action  of  metallic 
mlver  oa  alkaline  hydroeulphides,  and  this  interaction  form«  tlie 
baeia  of  the  "hepar"  tatt  for  sulphur.  Silver  orthoptaosphat* 
AgiPOt  (yellow),  araenatv  ,\giAHO(  (brown),  and  chromat«  AgjCrO» 
(crimson)  are  produced  by  precipitation,  and  their  distinctive 
colors  enable  us  to  use  silver  nitrate  in  analysis  n»  a  reagent  for 
identifying  the  acid  radicals. 

ElertrupUxting.  —  The  process  is  similar  to  the  electrode- 
po!!;ition  of  copjKir  (p.  610).  The  article  to  be  plated  is  cleaned 
with  extren)c  care  and  attached  to  the  negative  wire.  A  plate  of 
sUver  forms  the  positive  electrotle  and,  sinoe  simple  salts  of  silver 
do  not  give  coherent  deposits,  the  bath  is  a  solution  of  potaariuin 
argenticyanide.  The  potassiuni-ion  K"*"  migrates  to  the  negative 
wire  and,  since  potassium  requires  a  much  greater  E.M.F.  fiH*  ita 
liberation  than  does  silver,  silver  is  there  deposited  from  the  trace 
of  argentic-ion  Riven  by  the  complex  silver  ions  in  the  neighbor- 


hood: 


Ag(CN)r*=tAg*+2CN",    Ag*--|-©-.A^. 
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At  the  positive  electrode  silver  goee  into  solution  in  equivalent 
amount,  giving  argoniic-ion,  and  tbe  above  equations  are 
revereed. 

Mirrors  are  silvered  through  the  reduction  of  ammonio-ailver 
nitrate  by  organic  compounds  such  as  formaldehyde  CHjU  (forma- 
lin), or  grape  sugar: 

4AgOH  +  CH^-.3H,0  +  -lAgJ  +C0». 

1'he  film  oi  silver  is  washed,  dried,  and  varnished. 

Photography.  —  Brouio-gclAtiue  drj-  plates  are  coverwi  with 
an  ctriuli^ioii  of  gi-hitine  in  which  silver  hroinidc  is  suspended. 

After  azpostira,  often  for  only  u  fraction  of  a  second,  there  is  no 
visible  nitcnttiun  iu  the  film.  Tli'e  image  isdtvtloped.  Chemically, 
this  consists  iu  reducing  the  silver  bromide  to  metallic  silver  by 
mcjins  of  reducing  agents.  While  thwhule  of  the  haUde  upoa  the 
plate  is  reducibie,  if  the  n-diiciiig  agent  is  kept  upon  it  for  a  suffi- 
cient length  of  time,  the  parts  rcuehcd  by  the  light  arc  sSectedfint, 
and  with  a  ^pt^^^d  |)roiX)rtionaI  to  the  intensity  of  the  illumination 
undt^rgone  by  each  piirt.  The  unreductni  silver  bromide  is  then 
dissolved  out  with  sodium  thiosulphate  (."hypo"),  and  the  lulver 
image  remains.  It  is  also  thus  saved  from  being  fogged  over  by  the 
silver  that  would  bo  deposited  if  the  plate  were  to  be  brought  uilo 
the  light  without  tiiis  treatment  (flxiag).  The  result  is  a  "negji- 
tive,"  OS  the  parts  brightest  in  tbe  object  are  now  opaque,  and  the 
darkest  parts  of  the  object  are  transparent. 

A  common  developer  is  the  potassium  salt  of  hydroquioooe 
C(H4(0H)i,  which  gives  quiuone  C1H4O1: 

2A«Br  +  (KO),C,H,  —  2Ag  +  2KBr  +  CJB^Om. 

In  priatioR,  the  light  nod  dark  arc  again  rc\'cr«ed,  the  denser 
pArt«  of  the  negative  protectmg  the  compounds  on  the  paper  below 
it  from  action,  and  leaving  them  white.  Either  "bromide"  papem 
(such  ns  T«Ics,  invented  by  Buckchmd),  which  require  only  brief 
exposure  and  are  developed  like  the  plate,  are  used,  or  silver 
ditoride  is  the  sensitive  substance,  and  prolonged  exposure  to  light 
is  allowed  to  lil>ej-at<'  the  propej  amount  of  !«lver.  The  operation 
of  Gxiog  i»  performed  aa  before.    In  to&log  cltloride  papers,  a  aolu- 
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tion  of  80<Uiim  chloraurate  U  employed.    A  porUon  of  the  mlver 
(^ssi^ves,  displacing  gold  (p.  260),  which  is  dcpo«it«d  in  its  place: 

NaAuCl*  +  3Ag  -.  NaCl  +  3AgCl  +  Au. 
The  thin  film  of  gold  ^ves  a  richer  color  to  the  print. 

Anatytical  Reactionti  of  Silver  Compounds.  —  Argcotic-ioD 
Ag*"  is  colorless.  Many  of  itH  compounds  arc  insoluble,  the  pre- 
cipitation of  Ibo  chloridf,  which  is  insoluble  in  dilute  acids,  being 
used  as  a  test.  Mcrcurous  chloride  and  lead  chloride  arc  also  white 
and  insoluble,  but  sUver  chloride  dissolves  in  ammomum  hydroxide, 
niercurouB  chloride  (q.v.)  turns  black,  and  lead  chloride  is  not 
altered  in  color  (and  is  also  soluble  in  hot  wnU'r).  With  excen 
of  ammonium  hydroxide,  silver  salts  give  the  complex  cation 
Ag(NII,i)j*  and,  from  solutions  contsiining  silver  in  this  form,  only 
the  iodide  and  sulphide  tyin  be  precipitated.  Sodium  tliioeulphate 
and  potassium  cyanide  diMolve  all  silver  salts,  giving  salt« 
complex  acids  with  silver  in  tbc  amon  (p.  515). 


Gold  Au 
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0teniicat  Kflations  tif  the  Element.  —  This  element  forms 
two  ver>'  incomplete  series  of  compounds  corresponding  rcspco 
lively  to  aurous  and  auric  oxides,  AusO  and  .\usOi.  The  former  is 
a  feebly  hanc  oxide,  the  latter  mainly  acid-forming.  No  ^ntplc 
aalta  with  oxj-gen  acids  are  stable.  AU  the  compounds  of  gold  are 
easily  decomposed  by  heat  with  liberation  of  the  metal.  All  other 
common  metals  displace  gold  from  solutions  of  its  compounds  (p. 
260).  Mild  reducing  agents  likewise  liberate  gold.  The  element 
enters  into  many  complex  anions. 

Occurrence  and  Metallurgy.  —  Gold  is  found  chiefly  in  the 
free  condition,  disseminated  in  veins  of  quarts,  or  mixed  with 
alluvial  sand.  Small  quimtities  are  found  also  in  sulphide  ores  of 
iron,  lead,  and  copper.  Tclluride  of  gold  (sj-lvanJte),  in  which 
silver  takes  the  place  of  a  part  of  the  gold  [Au,Ag]Tci,  is  found  in 
Colorado. 

From  the  alluvial  deposits,  gold  i.**  usually  separatod  by  washing 
in  a  cradle  (sp.  gr.,  gold  19.32,  rock  about  2.Q),  as  in  the  Kloudyke. 
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QuArt*  veins,  which  iu  the  Truiisvaal  Colony  reach  a  thicknesa  of. 
a  meter  Mid  carry  aii  average  of  IS  g.  of  gold  per  ton,  are  mined, 
and  the  mateml  is  pulverized  with  stamping  inucbiDery.  About 
&5  per  ceut  of  the  gold  in  then  separated  by  allowing  the  powdered 
rock  to  Ix;  carried  by  a  stream  of  water  over  copper  pliitc^  amal- 
gamated with  mercury.  The  gold  (Ussolvea  iu  the  jjitttr.  and  is 
aecured  by  removal  and  distillation  of  the  amalgam.  Tlic  45  ptT 
cent  of  finer  parlieles,  contained  in  the  sludge  which  runs  off 
("ti»ilin(p*"),  are  extracted  by  adding  a  dilute  solution  of  sodium 
Cj-anide  (MacArthur-Forest  procesB)  and  exposing  the  mixture  to 
the  air.  Oxidation  and  simultaneous  int«raction  with  the  cyanide 
pve  soditin]  aurocyanide  NaAu(CN)*-  From  this  solution  the 
gold  is  isolated,  either  by  electrolysis,  or  in  the  form  of  a  purple 
powder  by  precipitation  with  zinc.  The  same  cyanide  is  uaed  for 
another  batch. 

The  gold  separated  from  ores  in  the  above  ways  contains  silver, 
copper,  lead,  and  other  metals,  and  various  methods  of  refining, 
mainly  electrolytic,  are  used. 

The  world's  production  of  gold  during  the  first  half  of  the  nine- 
teenth century  averaged  27  tons  annually.  In  1897  it  was  363 
tons,  and  in  1899, 472.6  tons.  It  ts  partly  this  rapid  increase  in  the 
gupply  of  gold  (which  is  our  standard  of  value)  which  has  made  it 
relatively  cheaper,  and  otlier  articles  more  expensive.  In  1913 
the  total  production  wa»  680  tons,  of  which  the  Transvaal  gave 
■10  per  cent,  the  United  Slates  20  per  cent,  and  Australia  12  per 
cent. 


Propertit^  oj  i/i«  \Uitat.  —  Gold  is  yellow  in  color,  and  is  the 
most  uialleiible  and  ductile  of  al!  the  metals.  It  melts  at  1063°. 
Its  sp.  gr.  LI  19.32.  To  give  it  greater  hardness  it  is  alloyed  with 
copper,  the  proportion  of  gold  being  defined  in  "carats."  Pure 
gold  is  "24-carat."  British  sovereigns  are  22-carat  and  contain 
^4  of  copper.  American,  tVeuch,  and  German  coins  are  21.6-carat, 
or  90  per  cent  gtjd. 

Gold  is  not  affected  by  free  oxygen  nor  by  hydrogen  sulphide. 
It  does  not  displace  hydrogen  from  dilute  acids,  nor  does  it  interact 
with  nitric  or  sulphuric  acids  or  any  oxygen  acids  except  solenic 
acid.  It  combines,  however,  with  tree  chlorine  and  bromine.  It 
tnteracta  with  u  mixtun;  of  nitric  and  hydrocbJuric  acids  (tufua 
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ngia),  pving  eUoniuric  acid  H.AuCl4(=  HCl,AuCU)- 
hnppon»,  not  ticciiuao  itqua  regia  is  mure  active  ttiuu  are  any  of  the 
8ulH!taii(-(.-»  it  coutuias,  but  bociiuse  it  furnishes  both  the  chlorine 
and  the;  chlorido-ion  CP  required  to  produov  the  exceedingly  stable 
(little  dissociated}  anion  AuCU".  Chlorine-water  (Cli,H+,Cr,- 
CIO~)  dissulvos  it  nUo,  for  the  isaxoe  reason.  Gold  is  the  least 
active  of  the  fuuiiliar  metole. 


Compounda  with  the  Halogens,  —  Chlonkuiio  Mid,  form' 
as  nbove,  is  doposik-d  in  yellow,  d<>Ii(iuescent  crystal:*  of 
H.AuCI<,4H,0.  The  yellow  sodium  chloraurate  NaAuOl<,2HA 
obtaincHi  by  neutralization  of  the  acid,  i»  used  in  photoRraphy  (p. 
518).  The  aeid  gives  up  hy<Iroi5en  chloriiic  when  hoated  very 
gently,  leaving  the  red,  crystalline  atuio  ohloridv  Au<.'U.  Whei 
dissolved  iu  wat«r,  this  gives  HiAuCTIjO.  Wh«n  auric  chloride 
heated  to  IfiCf,  auroua  ehlorid*  AuCl  and  chlorine  are  formed. 
This  Halt  ii<  a  white  powilrr.  It  in  inRoluhle  in  water,  but  in  boiling 
water  ia  ronverted  quicktv  into  auric  chloride  and  free  gcddl 
8AuCl  -♦  2Au  +  Aua,  +  HjO  —  H»AuCI|0. 
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Other  Compounds.  —  When  cau.itjc  alkaliea  are  added  to 
chlorauric  acid,  or  to  sodium  chloraurate,  auric  hjdrozids  Au(OU)i 
is  prediHtated.  This  substance  is  an  acid,  and  interacts  with 
excess  of  the  base,  forming  auratos.  These  are  derived  from  met- 
auric  acid  (Au(OH)i  —  HiO  =  HAuO,),  as,  for  example,  potaailum 
aurate  K-AuOiiSHjO.  This  salt  interacts  by  double  decomimaition 
giving,  for  instance,  witli  silver  nitrate,  the  insoluble  silver  salt 
AgAuOg.  Its  solution  is  alkaline  in  reaction,  showing  tliat  auric 
acid  ia  a  weak  acid  (cf.  p.  437).  Auric  oxids  AuiOj  is  a  brown,  and 
aurotu  (Hdde  AuiO  is  a  violet  powder.  On  account  of  its  reducing 
action,  hydrogen  sulphide  precipitates  from  chlorauric  acid  a  dark- 
brown  mixture  containing  much  aurous  sulphide  AuiS  and  free 
sulphur,  as  well  as  sonic  auric  sulphide  Au^Sj. 

The  auro^anldM  like  K.Au(CN),(=  KCN,AuCN),  and  the 
auric7anid»>,  like  K.Au(CN)4(  =  KCN,Au(CN),,  are  formed  by  the 
action  of  [wtfuuium  cyauidc  on  aurous  and  auric  compounds, 
respectively.  They  are  colorloss  and  soluble.  Their  solutions  are 
u-iNKl  as  baths,  in  conjunction  with  u  gold  anode,  for  electro-j 
gilding. 
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It  wfl]  be  seen  that  goM,  ullliuugh  phyidcally  a  metal,  u  chemi- 
cally on  the  whole  a  noumvtallic  clement. 
I 

Asxaying.  —  In  assaying,  the  material  containing  the  gold  is 
hoateil  with  borax  and  Ifad  in  a  small  crucible  (cupel)  of  bone  ash. 
The  lead  and  copper  ore  oxidlxed,  and  their  oxides  are  absorbed  by 
the  cupel,  leaving  a  drop  of  molten  alloy  of  gold  and  silver.  The 
cold  button  b  flattened  by  hammering  and  rolling,  and  treated  with 
itric  acid  to  remove  the  sUvor,  The  gold,  which  remains  un- 
attacked,  is  washed,  fused  ^piin,  and  weighed.  The  acid  will  not 
interact  with  the  silver,  and  remove  it  completely,  if  the  quantity 
of  gold  exceeds  25  per  cent.  When  the  proportion  of  gold  is 
greater  than  this,  a  suitable  amount  of  pure  silver  is  fused  with  the 
alloy  ("quartation"). 
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Exercises.  —  1 .   Write  equntionj^  for  the  intcractiona,  (a)  of  salt 
,ter  and  oxygen  with  copper  (p.  503),  (b)  of  ferrous  oxide  and 
sand  (p.  502). 

2.  Write  the  formula  of  the  baaic  chloride,  nitrati>,  carbonate, 
and  .lulphatc  of  copper  us  if  these  substances  were  composed  of  the 
normal  salt,  the  oxide  and  water  (p.  3ti9), 

3.  Can  you  develop  any  nJation  between  the  facte  that  solu- 
tions of  cupric  wilt^  an-  acid  in  reaction  and  that  they  give  basio  ; 
carbonates  by  pn.'ci|iitittion? 

4.  Formulate  the  iu:tion  of  potiwsium  cyanide  in  dissolving 
eupric  hydroxide  and  cuprous  sulphide,  assuming  that  potassium 
OlQlTOcyanidc  ix  funned. 

6.  llow  sliould  you  »ct  about  making  cuprie  orthopbospbate, 
ammonium  cuprocyaiiide,  and  lead  cuprocyanidc? 

6.  Write  the  formulse  of  some  of  the  double  salts  analogous  to 
potassiiim-cupric  sulphate  (p.  509). 

7.  What  chemical  reagents  are  present  in  a  Bunseu  flame?  If 
borax  bc;ads  were  ma<le  ui  the  oxidizing  flame  with  cupric  chloride, 
cuprous  bromide,  and  cupric  sulphate,  severally,  what  actions 
would  take  plftc«? 

8.  Write  the  equations  for  the  interaction  of,  (a)  silver  and 
concentrated  sulphuric  acid,  (b)  silver  chloride  and  sodium  car- 
bonate when  heat«d  strongly,  (c)  sodium  thiosulplmtc  and  silver 
bromide. 
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9.  What  reagents  should  you  use  to  predintate  the  phosphate 
arsenate,  and  chromate  of  silver? 

10.  Write  the  equati<ni8  for  the  interactions  of,  (a)  potassium 
hydroxide  and  auric  hydnmde,  (b)  potasmum  cgranide  and  sodium 
chloraiu^te. 

11.  In  what  respects  are  the  elements  of  this  family  distanctiy 
metallic,  and  in  what  respects  are  they  allied  to  the  noo-metala 
(p.  436)? 

12.  Collect  all  the  evidence  tending -to  show  that  the  cuproua 
compounds  are  more  stable  than  the  cupric. 

13.  Make  a  classified  list  of  the  methods  by  which  cupric  com- 
pounds are  transformed  into  cuprous,  and  vice  verea. 

14.  Of  which  metals  should  it  be  possible  to  obtain  colloidal 
suspensions  in  water,  and  of  which  not  (p.  260)?  Suggest  some 
liquids  in  which  you  should  expect  to  obtain  colloidal  su^teonons 
of  the  alkali  metals. 


CHAPTER  XXXVni 


OLUCIHUH.    MAOHESIUH,    ZIHC,    CADMIUM,    MERCITRT. 

THE  EBCOONITION  OF  CATIONS  Df  QDAUTATIVE 

ANALYSIS 

The  Chemicat  Relations  of  Ute  Fanttty.  — The  remfiimng 
elements  of  the  third  column  of  the  periodic  table,  namely  gludnum 
or  bwylllum  (01,  or  Be,  at.  wt..  9.1),  magnesium  (Mr,  at.  wi.  24.32), 
line  (Zd,  at.  wt.  65.4),  cadmium  (Cd,  at  n't.  1 12.4),  and  msieuiT 
(Hg,  St.  wt.  200.6),  although  all  bivalent,  do  not  form  a  coherent 
family.  Gluciniun  and  luagncsiiun  resemble  zinc  and  cadmium, 
and  dificr  from  the  calcium  fuinily,  in  that  the  sulphates  are  Boluble, 
the  hydroxides  caaily  lo«e  water  leaving  the  oxides,  and  the  metala 
are  not  rapidly  rusted  in  the  air  and  do  not  easily  displace  hydrogen 
from  water.  They  resonible  t!ie  calcium  family,  and  differ  from 
zinc  and  cadmium,  in  that  the  sulphidos  arc  hydrolyzed  by  water, 
the  oxides  arc  not  reduced  by  heating  with  carbon,  complex  cations 
are  not  formed  with  ammonia,  and  the  metals  do  not  enter  into 
complex  anions.  But  glucinutn  dilTers  from  magnestiun  and 
resembles  zinc  in  that  its  hydroxide  is  acidic  as  well  as  basic.  This 
is  not  unnatural,  since  In  the  periodic  system  it  lies  between 
lithium,  a  metal,  and  boron,  a  non-mctnl.  Mercury  is  the  only 
member  of  the  group  that  forms  two  series  of  compounds.  These 
arc  derived  from  the  oxides  HgO  and  HgjO.  Mercury  approaches 
tlic  noble  inctals  in  the  eiiso  with  which  its  oxide  is  decomposed  by 
heating,  and  in  the  position  of  the  free  clement  in  the  eleetrooiotivo 
Bcrioi*. 

The  vapor  dcnsitieH  of  sine,  cadmium,  and  mercury  show  the 
vapors  of  these  three  metals  to  be  monatomic. 

GmciNDM  GI 

Glucinum  (or  ber>'l]ium)  is  bivalent  in  all  its  compounds.  ItA 
_  oxide  and  hydroxide  are  basic,  and  are  also  feebly  acidic  towards 
H  active  bases  (sec  Zinc  hydroxide).  The  element  derives  its  name 
H  from  the  sweet  taatc  of  its  salts  (Gk.  yXvmJi,  sweet). 
■  623 
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Gludnum  occurs  iii  beryl,  a  metasilicate  of  gliioinum  and  alumin- 
iiim  f!UAU(Si<)j)e,  Beryls,  tinted  green  by  the  prewnce  of  A  little 
silicate  of  chromium,  arc  known  an  anunlils.  The  metal,  obtained 
by  electrolysis  of  the  easily  fusible  double  fluoride  01F),2KF,  bums 
when  heated  in  the  air.  It  displacta  hydrogen  from  dilute  arids, 
and  when  heated,  from  caustic  potash:  C;i+2K0U— 'Kjt ;!()»+ H,. 

Maunekicm  Mg 
Chptniral    Reflations    oj    ihti    Eiv.menU  ~~  Magnesium    is 
bivalent  in  all  its  compounds.     The  oxide  and  liydroxiiU-  «ro  Irnsic 
exoluMvely.     The  element  doee  not  enter  into  compkoc  cations  or 
anions. 

Occurrtincm.  —  MafEnesium  carbonate  occurs  alone  6&  magne- 
site,  and  in  a  <ioub!e  salt  with  calcium  carbonate  Mg('Oj,('aOOi  aa 
dolomite.  The  sulphate  and  chloride  are  found  as  hydrates  and  as 
constituents  tjl  double  salts  (see  below)  in  the  Sta^urt  deposits. 
Olivine  is  the  orthosilicate  MgjSiOi,  Tsilc  (soapstone)  is  an  acid 
metasilicate  Il2Mgi{SiO))4.  Serpentine  is  a  hydrated  disilioate, 
[Mg,FeIi,SiiC)j,2H50,  as  is  also  meerschaum.  Asbestos  b  an  an- 
hydrous silicate.  The  element  derives  its  name  from  Magnesia,  a 
town  in  hsia.  Minor. 

The  Metal.  —  Magnesium  is  manufactured  by  electrolysis  of 
dehydrated  and  fused  tarnalUtc  MgCl,.lCCI,6H(0.  The  iron 
crucible  in  which  the  material  a  uivlted  forms  the  cathode,  and  a 
rod  of  cjirbon  the  anode.  The  metal  is  alver-whito,  and  when 
heated  can  be  pressed  into  wire  and  rolled  into  riblxin  (m,-p.  651°). 

Chcmicnlly  the  metal  is  less  iK'tivc  than  are  the  metals  of  the 
alkflliiie  earths.  It  slowly  becomes  coated  with  a  layer  of  the  car- 
bonate. It  displaces  hydrogen  slowly  from  boiling  wattT  and 
rapidly  from  cold,  dilute  acicU.  Magnesium  burns  in  air  with  a 
white  light.  The  ash  contains  the  nitiids  MgiNj,  as  well  as  the 
oxide. 

Powdered  magnesium  is  used  in  pyrotcchny  and,  with  potassium 
chlorate  (10  :  17),  in  makiug  flashlight  powder  for  use  in  photog- 
raphy. 

Magnesium  Chloride  MgCfa<tifl»0. — This  highly  deliques- 
cent salt  occurs  in  salt  deposits,  alone,  and  as  carnallite  MgC'U,- 
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KC1,6H|0.  The  latter  is  an  important  source  of  potassium  chlo- 
ride (p.  «5),  and  almost  *all  thp  magnesium  chloride  combined 
with  it  is  thrown  away.  When  the  hexahydrat«  is  heated,  a  part 
of  the  chloride  is  hytlrolyiscil,  some  roagiiosium  oxide  remaining, 
and  sonic  hydrogen  cliloride  Ix-itig  given  off.  Sea-water  cannot  be 
Ufted  in  shipH'  boilers  because  of  the  hydrochloric  acid  thus  liberated 
by  the  action  of  the  magnesium  chloride  which  the  water  contains. 
Anhydrous  magncj^ium  chloride  MgCl,  ia  obtained  by  heating  the 
dimiile  chloride  MgCli,NHtCI,6HjO,  for  this  salt  can  be  dehydrated 
without  hydrolysia  of  the  chloride.  The  ammonium  chloride  a 
volatiliicd  {p.  453). 

The  Oxide  and  nydroxide.  —  HafiMRlam  ozld«  MgO  is  made 
by  heating  the  carbonate,  and  ia  known  as  caldnod  macnesia.  It 
is  a  white,  higlily  iiifu.fible  powder,  and  is  used  for  lining  electric 
furnaces  and  making  crucibles.  It  combines  slowly  with  water  to 
form  the  hydroxide  Mg(OH)j. 

The  hydroxld*  \»  found  in  nature  as  brucite.  It  is  also  precipi- 
tate<l  from  Mululiuns  of  magiic:«ium  salts  by  alkalies.  It  is  very 
slightly  soluble  iu  water.  The  solution  has  a  faint  alkaline  rctictioD. 
When  magnesium  chloride  is  added  to  the  moist  hydroxide,  a 
hydratcd  basic  cliloridc,  (Mg(OH)s).,(MgCia)„(HjO)„  is  formed. 
The  mixture,  to  which  sawdust  is  sometimes  added,  is  used  as  a 
plaster-finish  in  building. 

Magnesium  hydroxide  is  not  precipitated  by  ammonium  hy- 
droxide when  ammonium  salts  are  pre.'*ent  also.  The  amnionium 
salts,  being  highly  lotiieed  and  giving  a  high  concentration  of 
ammonium-ion  XH4''',  repress  the  ionization  of  the  feebly  ionimrd 
ammonium  hydroxide,  an<l  so  reduce  the  concentration  of  hy* 
droxide-ion  which  it  furnishes.  With  the  or<linary  ooncentration 
of  Mg*"*",  therefore,  the  amount  erf  hydroxide-ion  existing  in  pre** 
encc  of  excess  of  a  salt  of  animonium  is  too  small  to  bring  the 
solubility  product  [Mg*-*!  X  IOH~|*  up  to  the  value  required  for 
precipitation  (cf.  p.  479).  Conversely,  magnesiimi  hydroxidaj 
interacts  with  solutions  of  anunonium  salts  and  passes  into  solution: ' 

M«(OH),(solid)  t=i  Mg(OH),  (dslvd)  t=f  Me^  +20ir  1  _,.™  f.  „ 

In  presence  of  excess  of  ammonium  chloride,  the  OIP  comtriDecj 
with  XII^*"  to  fonn  molecular  ammcmium  hydroxide,  and  thai 


626 


COLLEGE  cmansTBT 


equilibria  in  the  upper  Uuc  arc  displaced  forwards  to  getn 
further  supply  of  the  Oil".     With  sufficiimtly  great  concentration 
of  the  ammonium  chloride,  all  the  miignmuin  hydroxide  may  thua 
dissolve.    The  whole  case  is  analogous  to  the  interaction  of 
with  insoluble  salts  (p.  480). 


Other  SattM  of  Magnesium.  —  The  normal  Garbonat«  ^JfP' 
in  found  in  nature.     Only  hydratcd  fcojtc  carboniitt-a  arc  formed 
precipitation,  and  thuir  composition  varic*  with  th«  conditio: 
The  carbonate,  manufHcturcd  in  large  aiiiotinls  and  sold  &»  nuf-' 
qmU  alba,  is  approximately  Mgi(0H)i(C0i)j.3H)0.     It  i:^  u^cdla 
medicine  and  ivf  ii  nxfiiieUc. 

Tho  t'uriinioii  hoptab;drata  of  mafOMtiam  lulpbat*  MgS04,7Hi 
crystallizes  fruiii  cold  water  in  rhombic  priMits,  niid  is  called  Kpsom 
Mlta.  It  is  efiloreacent.  The  monohrdnto  MK^Ot.HiO,  which 
remains,  and  is  found  also  in  the  salt  layers  as  kiew^rilc,  has  a  vfiy 
low  aqueous  tension,  and  ici  not  rapidly  dehydrated  except  above 
200°.  MaRneftitim  sulphate  is  used  in  the  manufacture  of  sodium 
and  potassium  fliilphates,  and  b  employed  also  for  "loading" 
cotton  Roods,  and  as  a  purgative. 

The  Bulphlde  MgK  may  be  formed  by  heating  the  metal  wi' 
Bulphur.     It  is  insoluble  in  water,  but  is  decomposed  and  (pv< 
finally,  hydrogen  sulphide  and  magnesium  hydroxide: 
MgS  +  2H,0  <=*  Mg(OH)U  +  H»S. 

The  only  phoaphatt  of  importance  is  ammoniunMnagnesii 
orthophosphate  NIltMgFOt.SHaO,  which  spears  aa  a  crystalli 
precipitate  when  sodium  phosphate  and  ammonium  hy 
(an<l  cUoride,  p.  525)  are  mixed  with  a  solution  of  a  m. 
Bait. 

Analytical  Reactions  of  Magnesium   (^impound*.  —  ' 

magnesium  ion  i»  colorless  and  bivalent.  Soluble  carlwnatfs  pre-' 
cipitfite  basic  carbunnU-^  of  iiiagncstum,  but  not  when  ammonium 
Baits  are  present.  The  latter  limitation  distinguishes  compounds  of 
magneaium  from  those  of  the  calcium  family.  Sodium  hydixudde 
precipitates  the  hydroxide  of  magnesium,  except  when  salts  of 
ammonium  are  present.  The  mixed  phosphat4>  of  ammonium 
magnesium,  in  presence  of  ammonium  hydroxide,  is  the 
soluble  salt. 
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Zinc  Zn 

Chemical  Relations  of  the  Element.  —  Zinc  is  bivalent  in  all 
its  compounds.  Of  thcst-  tliore  are  two  seta,  —  the  more  numerous 
uod  importiuit  one,  in  which  zinc  is  the  poative  radical  (Zn.SOt, 
Zn.Cli,  etc.)i  &tid  s  Ices  numerous  set,  the  zincates,  in  which  unc 
is  in  the  negative  radical  (Na-.ZnOj,  etc.).  Both  net*  of  saltii  are 
hydrolyzeti  by  water,  as  the  hydroxide  ia  feeble  whether  it  is  wii- 
eidered  as  on  acid  or  as  a  base.  The  element  also  enters  into 
complex  cations  and  anions.     The  salts  are  all  polsonoua. 

Occiirrenee  and  Extraction  front  the  Ores.  —  The  chief 
sources  of  Eiiic  are  calamine  ZnjHiCfliO,  Hiuithsomte  ZnCOj, 
tinc-blcndc  (Ocr.  blendvn,  to  dazzle)  or  sphalerite  ZoS,  franklinttc 
Zn(FcO,),,  and  zincitc  ZnO. 

The  ores  arc  first  concentrated,  recently  by  froth  flotation  (p. 
603).  They  are  then  converted  into  oxide  —  the  carbonate  by 
ignition,  and  the  sulphide  by  roasting.  The  sulphur  dioxide  is  used 
to  make  sulphm-ic  acid.  A  mixture  of  the  oxide  with  coal  is  then 
distilled  in  earthenware  retorts  at  1300-1400°,  the  zinc  condensing 
in  earthenware  receivers,  while  carbon  monoxide  burns  at  a  small 
opening: 

2ZnS  +  30*  -♦  2ZnO  +  2S0,, 
^O  +  C    -» CO  +  Zn. 

At  first  zinc  dust  (a  mixture  of  zinc  and  zinc  oxide)  collects  in  the 
receiver,  and  aftenvards  liquid  zinc.  The  product,  which  is  Cflst  in 
blocks,  is  called  spelter. 

Properties  and  Vaes  qf  the  Metal. —  Zinc  is  A  bliusb-wbite 
cr>'stallinc  metal.  When  cold  it  ia  brittle,  but  at  120-150°  it  can 
be  rolled  into  sheets  between  heated  rollers  and  (hen  retains  lU 
pliability  when  cold.  At  200-300°  the  metal  becomes  once  more 
brittle,  at  410°  it  melts,  and  at  925°  it  boils.  The  vapor  at  1740° 
is  monatomic. 

The  metal  burns  in  air  with  a  greenish  flame,  ^ving  zinc  oxide. 
In  cold,  moist  air  it  is  very  .slowly  oxidised,  and  becomes  covered 
with  a  firmly  adhering,  noii-ix>rous  layer  of  basic  c&rbonate  which 
protects  it  from  further  action.  The  metal  (Usplaocs  hydrogen 
from  dilute  acids.  Zinc  also  attacks  boilinK  alknties,  giving  the 
ible  uncate  (aee  below) :  2K0U  +  Zd  -*  KsZoO,  +  U,. 
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i^h(vt  zinc,  in  ronnequence  of  its  Ii|i'^''i^(^^  ("P-  R^-  7)r  '^  QMd  m 
preference  to  lead  (ap.  rt.  1 1.5)  for  roofs,  Ruttera,  and  architectural 
ornaments.  Galvanized  iron  is  made  by  dipping  sheet  iron, 
cleaned  with  sulphuric  acid  or  the  -land  blaat,  into  molten  idnc. 
The  latter,  being  more  active  (p.  260),  is  rusted  instead  of  the  iron, 
but  the  rusting  is  very  slight  (see  above).  Object*  of  iron,  cleaned 
and  baked  in  zinc  dust,  also  acquire  a  coating  of  zinc  fsherardizing). 
Zinc  is  used  also  in  batteries  and  for  making  alloys  (p.  435).  It 
mixiw  in  all  proportions  with  tin,  copper,  and  antimony. 

Zinc  Chloride  ZnCla.  —  This  salt  is  usually  mnnufucturcd  by 
treating  sine  with  excess  of  hydrochloric  acid,  eviiporating  the 
solution  to  dryness,  and  fusing  the  residue.  \Micu  hydrochloric 
acid  is  thus  pn.<scnt,  the  chloride  ZnCU  is  obtuined.  Evaporation 
of  the  pure  aqueous  solution,  wliich  is  acid  in  reaction,  results  in 
considerable  liy(Ii-ol>-sis  and  formation  of  much  of  the  basic  chloiide 
Zn,OCU:  ZnCU  +  H,0  pJ  HCl  +  Zn(OH)Cl,  (1) 

2Zn(0H)CI  -.  Zn,OCl,  +  H,0.  (2) 

I'lie  .talt  is  UMd  in  solid  form  as  a  caustic  and,  by  injection  of  a 
solution  into  wood  (e.g.,  railway  deopers),  as  a  poiwn  to  prevent 
the  gronih  of  organfctms  which  promote  decay.  In  both  cases  the 
salt  combines  with  jiroteins,  forminja;  solid  protlucta.  The  hot 
solution  also  dissolves  cellulose  (cotton  or  paper).  When  the 
solution  is  pressed  through  an  orifice  into  alcohol,  the  cellulose  is 
pre(ripitated  in  the  form  of  a  tliroad.  By  carboniidng  such  threads, 
carbon  filaments  for  incandescent  tamps  are  made. 

Zinc  Oxide  and  liydroxidv  and  the  Zlncatea.  —  The  odds 

ZnO  is  ohtaincd  as  a  white  powder  by  burning  sine  or  by  heating 
the  prccipilatt^i  basic  carbonate.  It  turns  yellow  when  heatctl, 
recovering  its  whiteness  when  cold,  in  the  same  way  that  mercuric 
oxide  is  brown  whilst  hot  and  bright  red  when  cold.  It  is  «m- 
plo7»d  in  making  a  paint  ^  zinc-white  or  Chinese  white — which 
is  not  tlarkcncd  by  hydrogen  sulphide.  It  is  used  also  as  a  filler  in 
makint;  rubber  automobile  tirea, 

The  hydroxid*  Zn(OH)i  appears  as  a  white,  flocculent  solid  when 
alkalies  are  adilcd  to  solutions  of  zinc  salts.  It  interacts  b£  a  bitsic 
hydroxide  with  acids,  giving  salts  of  zinc: 

Zn(OH)»  +  H^O*  i=f  Zn.SO«  +  2H,0. 
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It  also  interouls  with  cxcchb  of  the  alkali  employed  to  precipitate 
it,  giving  a  soluble  ilBMt*,  such  as  potassium  Eiacats  KjZnCH: 

ai.ZnO/r  +  2K0H  ^  Kj.ZhO,  +  2H,0.  M 

Zinc  hyclroxi(i«  is  ionized  both  as  on  acid  and  as  a  baae:  m 

2H+  +  ZnO,=  i=t  Zn(OH),  (dalvd)  r±  Za*^  +  20H-         I 

^  I 

Za(On,)  (BoUd)  I 

Substances  which  arc  both  bit^cs  and  aoids  arc  called  amphot«rte. 
The  ionization  ns  an  acid  'i»  ]ws  lli»n  ttiat  an  a  base,  but  both  are 
(DmO.  Addition  of  an  acid  like  i<ul[)huric  acid,  however,  [urni8he« 
hydrogen-ion ;  tbe  hydroxyl  ions  (.■onibinc  with  this  to  form  water, 
and  nil  tlie  iKiuilibria  are  displnctHl  to  the  right.  With  a  base,  on 
the  other  hand,  the  li>'<h'ogen-ion  is  removed  and  the  basic  Joniza- 
tion  simultaneously  rcpresued,  so  that  the  equilibria  arc  displaced 
to  the  left. 

Zinc  hydroxide  interacts  with  iuiimonium  hydroxide,  giving  the 
soluble  aaunoaio->iao  hydroxldo  Zii(NH])4-(0H)).  The  case  Is  like 
those  of  cupper  (p.  507)  and  silver  hydroxides  (p.  515). 

Compounds  of  ;iinc,  when  heate<l  in  the  Bunseii  flame  with  a  salt 
of  cob«Ut,  give  a  sincate  o(  cobalt  (Rinmaun's  green)  CoZnOt. 

Other  Saltn  o/  Zinc.  —  The  normal  tiao  carbonatv  ZnCOi  may 
be  precipitated  by  n:ieans  of  sodium  biciLrl>onatp,  but  normal  car- 
bonate of  so<iitim  ^ves  basic  carbonatos,  such  as  Znt(OH)}('(^: 

2ZnS(),  +  2Na4<:0,  +  HjO  —  Zn,l,01I),C0,  +  2Na^04  +  COiT- 

Zinc  sulphat«  ZnS04  is  formed  when  zine-blende  is  roasted.  It 
gives  rhombic  crystals  of  the  hydnu  ZuSOi,7HtO.  This,  and 
the  eorrcepondiug  compounds  of  inaguesium  MgS04,7HtO,  of  iron 
FeS04,7H:0,  and  of  other  bivnkiit  metals  ur«  known  as  vitriols. 
The  zinc  ^It  is  whlu  vitriol.  It  is  us*d  in  cotton-printing  and  as 
an  eye-wash  (J  ix-reent  iwlutJon}.  The  sulphate  gives  double  salts, 
such  as  potautam-siDo  sulpbats  Zn8O.,KiS0,,GHi0  (r/.  p.  50»). 

Zlac  sulphlda  ZuS  is  more  soluble  in  wato*  than  ia  sulphide  of 
copper,  and  hence  it  internt^ts  with  excess  of  strong  acids,  and 
passes  into  solution.  It  is  not  soluble  euougb,  however,  to  be 
much  affected  by  weak  ft<^ids  like  acetic  acid  (t^.  p.  483),  Zine 
sulphide  is  thus  capable  of  being  precipitated  wheo  acetic  add  ia 
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present,  or  when  hydrogen  sulphide  b  led  into  a  solution  of  tix 
acetate  of  sine: 

Zn{CH,Ot)i  +  H,S  5:1  ZnSJ  +  2HC,HiOf 

But  when  an  active  acid  is  present,  or  is  formed,  the  sulphido  in 
precipitated  incompletely  or  not  at  all,  the  action  bcmg  reversible: 

ZnSO.  +  H,S  s=t  ZnS  +  HiSO*. 

There  are  thus  two  ways  of  obtniniiiK  the  sulphide  by  precipita- 
tion. A  soluble  sulphide  causes  it  to  be  thrown  down  completely, 
becauae  no  acid  is  liberated  in  the  action: 

ZnCl,  +  (NH.)^  r±  ZnSi  +  2NH,a. 

The  other  method  i«  to  add  «odium  acetate  to  the  solution  of  Uw 
salt,  and  then  lead  iu  hydrugcii  Hulphidv.  Tlic  aci<l,  liberated  by 
the  action  upon  the  suit,  interacts  with  the  sodium  acetate,  giving 
a  neutral  wdt  of  Aodium  and  acetic  acid,  and  the  zinc  sulphide  is 
not  much  affected  by  the  latter  i^.  p.  4&4).  For  usw,  aee  lithopoue 
(p.  497). 

Analytical  Reactlorix  of  /(/ic  Salts.  —  Zinc  sulphide  is  pre- 
cipitated by  the  addition  of  ammonium  sulphide  to  solutions  of 
zinc  salts  and  of  zincates.  Sodium  hydroxide  gives  the  insoluble 
hydroxide,  which,  however,  interacts  with  excc«  of  the  alkali, 
giving  the  «>lublc  zincatc  of  sodium.  Compounds  of  lint-,  when 
heat«d  on  charcoal  with  cobalt  nitrate,  give  Rinmaon's  greon 
(p.  529). 

Caduiov  Cd 

Chemirat  Relationn  oj  the  tClemt-nt,  —  Thjs  element  is  biva- 
lent in  all  its  coiiiiKiutid-H.  U«  oxide  and  hydroxide  are  basic  cxclu- 
rively,  and  the  salts  are  not  hydrolyied  by  water.  It  enters  into 
complex  compounds  having  the  ions  Cd(NHi)«''^  and  Cd(CN)i=. 
Note  its  resemblances  to,  and  differences  from  rinc. 

The  Metai.  —  Aside  from  the  rare  mineral  greenockite  CdS, 
cadmium  is  found  in  small  amounts  (alwut  0.5  per  oent),  as  oar^ 
bonat«  and  sulphide,  in  the  c^rreHponding  ores  of  line.  During 
the  reduction,  being  more  volatile  than  zinc,  it  distils  over  lirst 
(b.-p.  778").    The  metal  is  white,  and  is  more  mallcublo  than  line 
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P  diqdaow  bydrogen  Trom  diJute  acids  (i^.  p.  260).    It  is  wed  in 
mnking  fusible  alloys. 

Compouniin  of  Cadmium. — The  «hlodid«  CdClt,2H»0  ih  efflo- 
rescent and  is  not  hydrolysed  during  deliydration  or  iu  solution. 
Zinc  chloride  (]>.  528)  at  deliquescent  luid  is  c»8ily  hydrolyzwi. 

The  hydroxids  ('d(OH},  in  mtu\c  by  prccipitution  (white),  und 
interacts  with  acids  (as  a  basic  hydroxide),  but  not  at  all  with 
bases.  It  dissolves  in  ammonium  hydroxide,  however,  forming 
Cd(NHj),.(OH),.  The  oiid»  CdO  is  a  brown  powder,  obtiiincd  by 
heating  the  hydroxide,  carbonate,  or  nitrate,  or  by  burning  the 
metal. 

The  lulpbat*  crystallizes  from  solution  as  3CtiSO«,8HaO. 
Soluble  carlwnates  throw  down  tlie  nomul  ovbonfttc  of  cudinium 
CdCO,. 

Hydrogen  sulphide  pmripitatee  the  yellow  aulphid*  Cd3  even 
from  acid  solutions  of  the  salts.  The  substance  is  used  as  a  pig- 
ment. The  sulphide  of  cadmium,  however,  is  less  insoluble  in 
water  (</.  p.  483)  than  are  the  sulphides  of  copper  and  mercury, 
and  is  not  completely  precipitated  from  a  strongly  acid  solution 
{eg.,  HCl  >  O.ZN). 

The  SolubiUtUn  of  ttm  SulphiHm  of  the  ^f€tah.  —  Thc 
reader  will  remember  the  order  of  Bolubility  of  the  nietiJIic  sul- 
phides more  easily  if  he  notes  that  it  is  practically  the  same  »s  the 
order  of  activity  of  the  free  metals  (p.  260  or  Appendix  V).  Thus, 
the  sulphides  down  to  that  of  aluminium  are  dissolved  by  water 
(KbS  and  NatS)  or  are  decomposed  by  water  (BaS,  SrS,  CaS,  MgS, 
AUSa).  The  hytlroxides  formed,  being  soluble  (except  Al(()Hi)), 
the  whole  diasolvee  except  in  the  case  of  AljSi.  Zinc  sulphide  is 
insoluble  in  water,  but  is  soluble  enough  to  interact  with  (and 
dissolve  in)  dilute  acids,  even  a  feeble  one  like  aiwtic  acid.  Ferrous 
sulphide  requin-s  a  dilute  active  acid;  cadmium  sulphide  requires 
a  higher  concentration  of  an  active  acid,  as  do  also  CoH  and  NiH; 
cupric  sulphide  requires  an  oxidizing  acid  like  hot  rutric  add;  and 
mercuric  sulphide  resists  even  this. 

Analytical  Reactions  of  Cadmium  Compounda,  —  The  cad- 
mium ion  Cd"*^  is  bivalent  and  colorless.    The  yellow  cadmium 
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aulphide  is  precipitated  by  hydixjgen  sulphide,  even  from  &ci| 
solutions  of  the  Baits.    The   white,  insoluble  hydroxide  is  ofl 
soluble  in  sodium  hydroxide. 

Mebccry  Hg 

Chemical  Rela  (ions  of  the  Element.  —  Like  copper,  this  ele^ 
mt.'nt  <rtit4>f^  into  two  aerlM  of  coiiipouiidi!,  the  mflrcurous  Ilg'  and 
them«r«urlc  Ilg".  Thv  murcuriuui!  halidcs,  like  the  cuprous  balidee 
(and  the  argi-utic  hulides),  lire  iuxuluble  in  water  and  are  decom- 
poited  by  tight.  Both  of  thu  oxides,  Hfi^O  tind  HgO,  arc  basic 
exi'lusivL'ly,  but  in  »  feeble  degri-e.  The  hydroxides,  like  silver 
hydroxide,  iire  not  stiible,  iind  lo«'  water,  giving  the  oxides.  The 
Bftlts  of  both  sets  are  markedly  liydrolywd  by  water,  and  bane 
Bfllte  are  therefore  eoininon.  No  carlKmate  is  knuwn.  ^!ercury 
enters  into  llie  anions  of  a  numl)cr  of  complex  salts,  such  as 
HgCU^,  Hglt=,  Hg(CN),=,  ele.  It  forms  a  eliiss  of  aminouo-basic 
mercury  eoinpounds,  like  Hg^NH^Cl,  ail  of  which  are  insoluble. 

The  mereury  salts  of  volatile  acids,  like  the  correfliwndin^  salt*  of 
ammonium  (p.  345),  can  all  lie  volatiliKei!  romplpiely.  Mercury 
vai)or  and  all  mercury  compounds  are  poisonous,  the  soluble 
more  markedly  so  than  the  insoluble  ones. 


Occurrence  and  liutlattvn  of  the  Metai.  —  Mercury  occ 
native  and  to  a  larger  extent  as  red,  crystalline  cinnabar,  mercu 
sulphide  H&i.    The  chief  mines  are  in  Spain,  Italy,  Austria, 
California. 

The  liberation  of  the  metal  ia  easy,  because,  when  roasted,  the 
sulphide  is  decomposed,  and  the  sulphur  forms  sulphur  dioxide. 
The  mercury  does  not  unite  witli  the  oxygen,  for  the  oxide  decom- 
poses (p.  14)  at  400-600": 

HgS  +  Ot-Hg  +  SO,. 


a- 
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In  some  places  the  ore  is  spread  on  perforated  brick  shelves  in  a 
vertical  furnace,  and  the  gases  pass  through  tortuous  flues  in  which 
the  vupor  of  the  metal  ooudeiuea. 

Physicat  Properties.  —  Mercurj'  or  quickttlvw  (N.L,  hi 
rum,  from  Gk.  SSaip,  water,  and  Spyvpot,  silver)  U  a  eUver-n 
liquid.    At  —  38.7°  it  frecies,  and  at  357"  it  boils. 
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^P  On  account  of  ita  high  specific  uravity  ( 13.6,  at  (f)  and  low  vapor 
tension,  the  metal  is  employed  for  filling  Itarometers.  It«  uniform 
^_  oxpaDsioii  favors  its  use  in  thermometere.  It  format  amalgams 
^B  with  ail  the  familiar  metals,  with  the  exception  of  iron  and  plati- 
"num.  The  latter,  ho\*-ever,  is  "wet"  by  it  (cf.  pp.  345,  519). 
Compounds,  such  as  Nallgi,  are  often  present  in  amalgams. 


I 
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Chemlcat  Propertlea.  —  When  kept  at  a  tAiaperature  near  to 
ita  boiling-point,  mercury  combines  slowly  with  oxygen.  Mercury 
dora  not  displace  hydrogen  from  dilute  acids  {p.  260),  but  nith 
oxidizing  acids  like  nitric  acid  and  hot  concentrated  sulphuric  acid, 
the  nitrates  aiid  sulpliate  (mercuric)  are  formed.  With  excess  of 
mercury,  morcuroua  nitrate,  and  with  excess  of  the  hot  acid,  mer- 
curic nitrate,  aa-  produced.  When  mercury  is  divided  into  muiute 
dropleljs,  with  relatively  large  surface,  it  is  used  in  medicine  ("blue 
pills"),  and  shows  an  activity  which  is  entirely  wanting  in  larger 
masses. 


77i«  Ualidea  of  \fercury.  —  Hercuroua  cblortd*  KgCl  (eatomal) 
is  obtained  ae  ii  while  powder  by  precipitation.  It  is  made  by 
subliming  iiMTcuric  cliloridv  with  mercury: 

HgCU-i-Hgri2Hga, 

W  ntOl*  uitually  by  subliming  a  mixture  of  mercuric  sulphate,  made 
IIS  described  ainjvc,  with  mercury  and  common  salt.  It  is  de- 
posited on  the  cool  part  of  the  veasel  aa  a  fibrous  crystalline  masa. 
Its  vapor  i.s  composed  entirely  of  mercury  and  mercuric  chloride. 
It  is  slowly  affpcted  by  light  just  as  is  silver  chloride.  Here,  how- 
ever, the  chlorine  which  is  released  combines  with  another  molecule 
of  the  .salt  to  form  mercuric  chloride.  The  substance  is  uaod  in 
medicine  on  account  of  its  tendency  to  stimulate  all  organs  pro- 
ducing secretions. 

By  direct  union  with  chlorine,  DMrcurlc  eblorid*  HgC'l^  (conroaln 
subUmau)  is  formed.  It  is  usually  manufactured  by  subliming 
mercuric  Hulphat«  with  common  salt,  and  crj-stalliKcs  in  while, 
rhombic  prisms.  It  melts  at  265"  and  boils  at  307°.  The  solu- 
bility at  20°  is  7.4  :  100  Aq.  The  aquuous  solution  is  slightly  ucid 
in  reaction.  The  salt  is  easily  reduced  to  mcrcurous  chloride. 
When  excess  of  stannous  chloride  i»  added  to  the  solution,  the 
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white  precipitate  of  calomel,  first  formed,  passes  into  a  beat 
gray  precipitate  of  finely  (Uvidcd  mercury: 

2HgClt  +  SnCI,  -.  SiiCU  +  2Hga, 
2HgCI  +  SnCT,  —  SnCU  +  2Hg. 

Contain  Bublinrnte,  when  taken  intenially,  is  extremely  iwison-l 
0118.  A  very  dilutre  solution  (1  :  1000)  is  useil  in  surgery  to  destroy ' 
lower  oi^Kiu^ms  and  thus  prevent  infection  of  wounds.  Mercuric 
chloride  acts  iilso  as  a  preservative  of  loflloRipai  materials,  form- 
ing insoluble  coinpotinds  with  proteins,  and  preventing  decay. 
For  the  same  reason,  albumin  (white  of  an  egg)  is  given  a»  an 
antiiiote  in  cases  of  sublimate  poisoning. 

Uercuroiu  Iodide  IIrI  is  formed  by  rubbing  iodine  with  excees  of 
mercury.     It  also  appears  as  a  greenish-yellow  precipitate  wheni 
potassium  iodide  is  added  to  a  eolution  of  a  mercuroua  salt.     It] 
decomposes  spontaneously  into  mercury  and  mercuric  iodide: 

2HgI  rt  Hg  +  Hgl,. 

M«rouric  iodide  ITgT:  is  obtained  by  direct  union  of  mercury  with' 
exeesa  of  iodine,  or  by  additkio  of  potassium  io<Iide  to  a  solution  of 
a  mercuric  salt.  It  is  a  scarlet  powder,  insoluble  in  water,  but^^ 
soluble  in  alcohol  and  ether.  It  interacta  with  excess  of  pota.ssiuni^| 
iodide,  forming  the  soluble,  colorless  potasalum  mereuri-iodld« " 
Ks.Hgl4  with  which  many  precipitantB  fuil  to  give  mercury  com- 
pounds. 


The  Oxides.  —  When  bases  (excepting  ammonium  hydroxide, 
BOG  p.  535)  arc  addi?d  to  salutiuns  of  mere urous  salts,  the  greenijih- 
black  nurcurous  oxid«  Ilg^O  is  thrown  down.  The  hydroxide  is 
doubtle.ss  formed  transitorily  and  then  lose*  water  (^.  Silver  oxide, 
p.  515).  Under  th<>  influence  of  light  or  gentle  heat  (100°),  this 
oxide  resolves  itself  into  mercuric  oxide  and  meieury. 

Mercuric  oxide  HgO  is  formed  as  ft  red,  crystalline  powder,  when 
mercury  is  heated  in  air  near  to  357°,  but  is  usually  made  by 
decomposing  the  nitrate.  Coninicrciid  specimens,  incom]^etely 
decomposed,  thus  give  some  nit.i-ogcn  tetroxJde  when  heated. 
It  is  formed  also  as  a  A'ellow  jiowder  by  acMiug  bases  (excepU 
ing  ammonium  hydroxide,  see  p.  53.^)  to  solutions  of 
salts. 
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Other  Saltg  oj  Mercury.  —  H«rcur<nu  olCr&u  HgNOi,H)0  i» 
formal  by  th«  action  of  cold,  (LjIuUmI  nitric  ncid  upon  «xr««it  of 
mercury.  It  is  hydrolysied,  slowly  by  cold,  und  rapidly  by  warm 
water,  ^vingan  insoluble  basic  nitrate: 

2HgN0,  +  II,0?2IIN0,  +  Hfo(OH)NO,i- 

On  this  account  a  clear  Holution  can  be  made  only  when  some  nitric 
acid  is  added.  Free  mercury  is  also  kept  in  the  solution  to  reduce 
mercuric  nitrate,  which  i«  forincd  by  atmospheric  oxidation: 

Hg(N0,).  +  Hg^2HgN0„    or    Hg«  +  Hg -.  2Hg^. 

Morcurtc  nitrate  Hg(KOi)i,8HiO  b  produced  by  using  exceBS  of 
warm,  concentrated  nitric  acid  with  mercurT,-.  The  aqueous  solu- 
tion is  strongly  acid,  and  dcpoatti!  &  yellowish,  crystalline,  basic 
nitrate  Hgi(OH)iO(NO))i.  The  hydrol>'sis  is  reversed  by  addbg 
nitric  arid. 

H«rcuroU9  tulphld*  HgiS  is  formed  by  precipitation  from  mer- 
curous  salt*,  but  decomposes  into  mercury  and  mercuric  sulphide. 

Cr>-stallizcd  m«rcurlc  sulpbltU  HgS  occurs  as  cinnabar,  and  is 
red.  When  formed  by  precipitation  with  hydrogeo  sulphide,  or  by 
rubbing  together  mercury  and  sulphur,  it  is  black  and  amorphous. 
By  sublimation,  in  the  cour^  of  wliich  it  dimociat«s  und  rccoiii- 
l»iirE,  the  black  form  gives  t)i«  rod,  crystalline  one. 

The  black  and  tbc  red  varietici*  do  not  interact  with  cvncen- 
truted  acids,  or  even  witli  boiling  nitric  acid,  which  oxidizes  mo»t 
sulpbides  readily.  They  are,  therefore,  sttU  less  soluble  than  is 
cupric  sulphide  (pp.  483,  531).  lliey  are  attacked,  however,  by 
aqua  reffia,  because  of  the  formation  of  the  negative  ion  (sec  gold, 
p.  520)  of  a  complex  salt  H,.HkC:1<  (=  aHCl.HgCl,).  The  red 
form  of  the  sulphide  U  used  in  making  paint  (vvmiUloa). 

Uvrcurio  fulminat*  Hg(()NC)i  is  obtained  as  a  white  precipitate 
when  mercury  is  treated  with  nitric  scid,  and  alcohnl  is  added  to 
the  solution.  It  decomposes  suddenly  when  struck,  ood  is  used  in 
making  percussion  caps  and  deCorkators. 

Ammono-Compound*  of  Mercury.  —  When  ammonium 
hydroxide  ia  added  to  a  sc^ution  of  a  mercuric  salt,  a  white  sub- 
stance, of  a  type  which  we  have  not  previously  encountered,  is 
thrown  down-    Mercuric  chloride  gives  Mfi(NU«)Cl,  oomjnonly 
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colled  "iofusiblv   white   pn>cipitiit«,"  or  ammono-bulc  m«rc 
chloride. 

HgCI,  +  H.NH,  +  NH,-*  Hg(NH,)a  +  NHtCI. 

The  actiuQ  i«  similar  to  an  h>'droIj-sis  which  gi\-es  a  ba^c  sail 
Hgaj  +  H.OH  -►  Hg{OH)CI  +  HCI,  exccptbig  that  ammonia 
H.NH)  playb  th<?  part  of  the-  wutcr.  Water  ^vca  aquo-bastc 
tialls.  Whoi]  liquid  ammouia  i^  tliv  solvent,  ammono-baaic  salu 
are  produced.  Iti  a  few  (-a^-»,  as  here,  an  amiuouo-basic  sail  is 
obtainc-d  even  when  water  is  proaenl.  Tlie  stutly  of  roavtionii  in 
liquid  tuiimonia  solutions  by  E.  C  Franklin  hai«  led  to  the  discover)' 
of  a  large  nuriiljer  of  new  and  most  iiitcrts'ting  subslnnees. 

Mercuric  nitrate  Hg(NOi)s  and  aiiirnoniuin  hydroxide  pvc  an 
insoluble  unmono-buic  mercuric  oitrat*,  Hg^N  — HgNOj  whieli 
is  more  basic  than  the  foregoing: 

2Ilg(N0,)i  +  H,.N  -i-  3NH,  —  Hfo(N)NO,  +  3NH»X0,. 

WTien  calomel  ia  treated  with  ammonium  hydroxide,  it  turns  Into 
a  hlack,  insoluble  body.  This  is  a  mixture  of  free  mercury,  to 
which  it  ottTs  its  dark  color,  and  "iufu-siblc  white  precipitate,"' 
Hg  +  Hg(NHi)CI.  To  this  rcnclion  calomel  owes  its  name  {Gk. 
KoAofuXaj,  t>eautiful  black).  Mereurous  nitrate  gives  a  black,  in- 
soluble mixture,  2Hg  +  Hgj(N)NO,. 
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Analytical  Reactions  of  Mercury  iUimpounds.  —  The  t 

ionic  fonns  of  the  olpment,  mnrcurous-ion  Hg*^  and  mercurie-ioii 
Hg*^,  are  both  coloiless.  Their  chemical  Iwhavior  is  entirely 
different.  Both  tP^'e  the  black  sulphide  IlgS,  which  is  inHoluble  in 
acids  and  other  solvents  of  mercury  .lalts.  Mercurous-ion  gii\'va 
the  iii.'*oIuh!e,  white  ehloride,  the  black  oxide,  and  a  black  mixture 
with  iiiimionium  hydroxi<le.  Mercuric-ion  gives  a  soluble  chloride, 
a  yellow,  insoluble  oxide,  and  a  white  precipitate  with  ammonium 
hydroxide.  The  behavior  with  stannous  chloride  (p,  534)  is  chai^ 
aeteristic.  With  potassium  iodide  the  two  ions  bcnavc  differently 
(p.  534).  More  active  metals  displace  mercury  from  all  com- 
pounds. Copper  is  used  as  the  displacing  metal,  in  testing  for 
Hg+  or  Hg^,  because  the  silvery  mercury  is  easily  scim  on  it* 
surface. 

Salts  of  mercury  are  volatile.     When  heated  in  a  tube  wi' 
sodium  carbonate,  they  give  a  sublimate  of  metallic  mercury, 
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Thk  Rbcoonition  or  Catioks  in  Quautativb  Analtsib 

"Wet-way"  anftlysis  consiau  in  recognizing  the  various  positive 
and  negative  ionR  present  in  s  solution  (p.  436).  In  dincuiwiiig 
hydro^n  niilphide  (p.  273),  it  was  stated  that  the  !<ulphidm  might 
be  divided  into  three  classes,  according  to  their  behavior  towardu 
water  and  adds.  Now  these  differences  furnish  us  with  a  basis  for 
distinguishing  the  cations  present  in  a  solution. 

The  following  plan,  taken  in  conj  unction  with  the  statements  in 
the  context,  shows  how  a  single  cation  may  be  identified,  and  how, 
when  several  cations  are  present,  a  separation  preparatory  io 
identification  may  be  effected.  What  will  be  said  applies  only  to 
the  case  of  a  solution  containing  salts  like  the  chlorides,  nitrates, 
or  sulphates  of  one  or  more  cations,  and  leaves  the  (ucalates, 
phosphates,  cyanides,  and  some  other  salts,  out  of  consideration. 

Oroup  1.  —  Add,  first,  hjdroehlorte  acid,  to  find  out  whether 
cations  giving  insoluble  chlorides  are  present.  Argentic,  mer- 
curous,  and  plumbic  salts  give  the  white  AgCl,  BgCl,  and  FbCU 
respectively  (qf.  p.  164).  ^ratration  eliminates  the  precipitate,  if 
there  is  any. 

Oroup  2.  —  A  free,  acti^-c  acid  being  now  present,  hrdrofan 
sulphide  is  led  into  the  solution.  The  sulphides  insoluble  in  ^tive 
acitb,  namely,  H28,  CoS,  PbS,  BI2S3,  CdSv  AirS],  Sb;S.i,  Sa5,  SnU  are 
therefore  thrown  down.  Tht  first  four  arc  blank  or  brown,  the  next 
two  and  the  last  arc  yellow,  and  the  rcmikimng  two  arc  orange 
and  brown  respectively.  A  dark-colored  substance  will  naturally 
obscure  one  of  lighter  color,  if  more  than  one  is  present.  Filtration 
^ain  eliminates  the  precipitate. 

This  group  is  easily  subdivided.  jVny  or  all  of  tb(^  but  four  sul- 
phides will  pass  into  solution  when  warmed  with  yellow  ammonium 
sulphide,  for  they  giic  soluble  complex  sulphides  {q.v.).  The  first 
five  sulphidtv,  or  any  of  them,  will  be  unaffected.  On  the  other 
hand,  these  five  sulphides,  with  the  exception  of  HgS,  will  intcrart 
with  hot  nitric  add  (p.  531).  Other  reactions  arc  tlicn  used  to 
distinguish  between,  or,  if  there  is  a  mixttirc,  to  sepurnte,  the  mem- 
bets  of  the  sub-groups. 

Oroup  S.  —  The  solution  (filtrate)  is  now  neutralized  with  am- 
moniuni  hydroxide,  and  ammonlam  lulphld*  is  added.  Some 
■jamoaium  chlorid*  is  also  used,  to  prevent  the  precipitation  of 


538 


COLLEGE   CHEMISTRT 


beij| 


ma^cRium  hydroxide  (p.  525),  which,  in  any  event,  would 
complete.  Tlie  sulphides  which  are  insoluble  in  wafer,  and  arc 
not  hydrolyzed  by  it,  now  appear.  I'hey  are  r«8,  CoS,  MIS,  aQ 
black,  HnS  and  ZnS,  which  arc  pink  and  white  respectively. 
There  are  precipitated  aim  the  hydroxidM  of  chromium  and  of 
aluminium,  Cr(OH)]  and  Al(OH)],  because  tiieir  sulphides  are 
hydrolyzed  by  water. 

Oroup  i.  —  After  filtration,  ammonium  cajrboaat«  ib  added,  and 
prc<;ipitatea  the  remaining  metuls  whose  carlionatcs  are  insoluble, 
BaCOi,  SrCOi,  CaCOi,  with  the  exception  of  magnesium  (p.  526). 

By  addition  of  ammonium  pho«ph*t«  to  a  portion  of  the  filtrate, 
iniigncsium,  if  present,  now  comes  out  in  the  form  RHiMcFOi. 
There  remain  in  aolution  only  salts  of  potaaalum,  sodium,  and 
ammonliun.  Since  only  ammonium  compounds  and  other  sub- 
stances which  can  be  volatilized  have  been  added,  evaporaUon 
nn<I  ignition  of  the  residue  leaves  the  salts  of  the  two  metals. 
Salts  of  ammouium  must  be  sought  in  a  fresh  sample  by  the 
t«Bt  (p.  346). 
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Exerciaea.  —  1.  Why  should  we  expect  ammonium  sulphide 
Rolutiun  to  precipitate  magnesium  hydroxide,  and  why  docs  it  not 
do  80? 

2.  Whftt  volume  of  air  is  required  to  oxidise  one  formula-wei^t 
of  zinc  sulphide  to  ZnO  atul  SOj,  and  what  volume  of  sulphur 
dioxide  is  produced?  Is  the  ga-seous  prmluct  more  or  less  diluted 
with  nitrogen  than  when  pure  sulphur  is  burned,  and  by  how 
much? 

3.  Make  equations  showing,  (a)  the  effect  of  heating  noo 
chloride  with  cobalt  nitrate  CoCNO))s  in  the  Bunscn  flame  (p. 
529),  (b)  the  action  of  hydrogen  sulphide  on  sorlium  zincate,  (e) 
the  actions  of  concentrated  nitric  acid  and  of  concentrated  sul- 
phuric acid  on  mercury. 

4.  What  kind  of  salts  might  take  the  place  of  sodium  acetate  U^A 
the  precipitation  of  zinc  sulphide  (p.  530)?    Give  examples.        ^| 

5.  Why  do  none  of  the  salts  of  the  elements  in  this  family  ffv^' 
reoogoisahle  effects  with  the  borax  bead? 


CHAPTER  XXXDC 


BLICTROMOTIVZ  CHSHISTBT 

I  Mta  ttint  ninny  cliL-niicul  L'hangcfl  &n;  uccompuniiHl  by 
tion  of  energy.  If  no  ttpctriul  iirmngemcDt  is  nitule,  tho 
energy  is  always  lil^rated  in  the  form  of  heat,  light,  and  mechan- 
9aergy.  In  changj-j*  involvinK  ionogeus,  however,  the  energy 
rcan  be  secured  in  the  form  of  electricity.  Since  the  ehiinge  sct.s 
BD  electric  current  in  motion,  the  subject  is  called  cUetronuitlra 
ehtmiatxj.  A  knowledge  of  this  branch  of  the  ttcient^-  in  r«sentjal 
for  undemtandlnK  the  numerous  commeroial  apptiriitions  of 
electricity  in  chemiatry.  It  alao  funiinhefl  us  with  a  simple  method 
for  measuring  chemical  affinity  in  ionic  reactions. 

Vnita  of  Electrical  Energy.  —  Two  different  units  are  required 
for  defining  a  quanlitj^  of  electrical  energ>'.  One  of  these  is  the 
quaatltr  of  Alectildty,  which  is  expressed  in  coulomb*  (p.  237). 
The  other  IB  the  eloctromotlve  force  (E.M.F.)  of  a  current,  or  tho 
diServQce  In  potential,  if  a.  current  is  not  Sowing,  or  the  flow  ig  not 
being  comudercd.  This  ia  measured  in  volt*.  It  will  be  recalled 
that  in  electrolysis  equal  quantities  of  electricity  liberate  equiva- 
lent weights  of  the  component  ions  (FanwUiy's  law,  p.  231).  Wc 
shall  see,  however,  that  with  different  substances,  different  differ* 
enccs  in  potential  (voltages)  are  required  to  produce  the  de- 
compoeitJon.  A  quantity  of  electricAl  energy,  used  or  produced, 
is  cxpresaed  by  the  product  of  the  two  factors: 

No.  of  coulombs  X  No.  of  vdts  =  Quant,  of  elect,  energy  (in  JooIn). 

If  we  consider  the  time  occupied  by  the  proce«a,  the  rate  at  which 
the  electricity  flows  is  expreased  in  amp«rtta.  One  coulomb  per 
second  is  one  ampere.     Hence; 

No.  of  amperes  X  No.  of  volts  «  Joules  per  sec.  =  Watta. 

The  kilowatt  is  1000  watts.    The  horsepower  is  746  watts. 

An  illustration  will  show  the  meaning  of  this  robition.  If  a 
50-watt  (Ift-cAndle  power)  incandescent  lamp  is  used  on  a  11(X- 
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volt  cireuit,  by  Rubcititutuig  theae  values  in  tfae  equatioa  wv  per- 
ccivc  that  such  a  lamp  must  carr>-  about  0^  amperes,  or  one 
coulomb  every  two  seconds.  If,  with  the  aame  voltage,  wc  wanted 
a  lamp  to  carr>-  nior^  electricity  per  second,  we  should  have  to 
rcduoc  the  resistance  of  the  lamp,  say,  by  sbort«iung  the  filament, 
or  using  a  thicker  iHie.  Evidently,  the  number  of  such  lamps  re- 
quired to  consume  one  horsepower  would  be  736/50,  or  between 
H  and  IS  lampo.  ARain,  to  decompose  one  molecular  wci^t  of 
hydrochloric  add  (3S.5  g.)  96,540  coulombs  (p.  237)  are  required, 
and  an  E.M.F.  of  at  least  1.83  volts  (see  p.  548).  The  electrical 
energ>-  needed  is  therefore  96,540  X  1.S3  =  176,670  joules.  If 
this  were  to  be  accomplished  by  the  current  (mm  a  IlO-volt 
diroct-ciurent  lighting  circuit,  passing  through  a  50-watt  lamp  in 
series  with  the  electrot>-tic  cell,  the  time  required  (x  seconds) 
would  be  given  by:  50  jouW  per  see.  X  z  sec*.  =  176,670  joules, 
where  x  =  3533  seconds,  or  about  5d  niinutee. 

The  factors  of  electrical  ener^*  (volts  and  amperes)  are  eanly 
meMurcd  when  electricity  is  produced,  and  ate  eanly  provided 
aeoording  to  any  specification  when  electridty  b  to  be  used. 
Hence,  it  is  much  easier  to  stud}'  the  relations  betweeo  cfaemical 
change  and  this  form  of  energy  than  between  the  same  cbaogo 
anil  the  beat  or  anj-  other  form  of  enerj^y  which,  under  othw  etxf 
ditions,  it  mif;ht  produce.  Electrochemistry  is,  therefore,  in 
many  ways  better  understood,  and  easier  to  **■"'***'  than  are 
other  brandMB  of  cbemistr>-  involving  energy. 
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Sonte  Reactions  that  can  b^  I'sett  lo  FttrniA  Eteclricity, 

—  A  few  iUustrations  of  the  loads  of  reaetioos  which  can  easily  be 
carried  out  in  cells,  so  as  to  fomiah  an  deetric  cuirent  intAM<  d 
heat,  may  be  claasiGed  thus: 

CombinoHtm  alU,  such  as  one  in  wlndi  line  (or  some  otkr 
aetm  metal)  and  bromine  are  the  rtacUng  sobeUnces.    If 
be  placed  in  bcomine-watcr  (or  with  pure  bramine),  w«  obtam 
lino  bromide: 

Zn  +  Brt-*ZnBrfc    or    Zn*  +  2Bi*  —  Zn**  +  2Br 

Ditfioemmtkl  crib,  each  aa  ooe  with  cuprie  sdphatwi  aohrtion 
and  a  metal  mon>  active  than  eappa  {e^^  ilg.  Al,  Zo.  or  FV). 
and  able  to  displaw  (p.  260)  this  ekoMst: 

Zn  +  CuSO,-ZnSO,  +  Oi.    or    ZB'  +  Cta+*— XBt*+  +  Cn». 
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A  non-metal  may  also  bo  diiiplaced: 

2KI+Bri-»2KBr-|-I„    or    T  +  Br« -«  P  +  Br". 


Oxidatioti  celt,  such  an  one  in  which  Tcrrotu  chloride  FeCl,  or 
'staonoua  chloride  SnCli  ia  oxitUsod   by  chlorinowatcr,  giving 

FO.  or  SnCU: 
SnCW  +  C!,-»SnCU,    or    Sn++ +  20" -» Sn++++ +  20". 
Cm 
Hen 
Th 


iConcer^alion  celU,  or  cells  in  which  the  same  nubataace  in  two 
ITerent  concentrations  is  used. 


The  Arrangen%^nt  of  the  Cell,  —  Ever)'  cell  has  one  strikinf; 
characteristic.  If  the  pairs  of  !iuh!<taRces  mentioned  hi  the  la-st 
section  are  placed  togettier,  they  interact  and  heal  in  produced. 
There  is  no  way  to  avoid  the  action,  and  the  liberation  of  the 
eneifO'  as  heat,  if  the  substances  come  in  contact.  If,  therefore, 
all  the  energy  is  to  be  obtained  as  alecCrtcat  enerij,  the  tubstaacea 
must  be  prevented  from  oom- 
ins  in  contact  with  one  another.  j-"""^^ 

Paradoxical   as  it  may  Beem,     Zn      _,,^  ^\,       /V 

it  is  easily  pot>siblu  to  obUiiu 
(he  electricity,  and  yet  fulfill 
this  esential  condition.  The 
plan  in  all  cells  is  to  plac^^;  the 
one  substance  in  or  round  one 
pole,  and  the  other  sulwtaiioe 
in  or  round  the  other  pole, 
and  to  separate  the  substances 
by  a  porous  partition,  or  sotno 
equivalent  arrangi-riicnt. 

Suppose  that  it  is  the  Grst 
of  the  above-uicnlioned  ac- 
tions that  is  to  be  usird  —  the 
action  of  sine  and  bromine. 
Tlie  aetlTe  substaacei  an  ar- 
ranged ikS  foUon-s;  The  pole 
on  the  left  (Fig.  122)  is  metallic  xinc.  The  i<olution  on  the  right 
contains  the  bromine.  The  porous  partition  in  the  center  is  per- 
meable by  migrating  loan,  but  bindcn  (he  mere  diffusion  of  th« 
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dissolved  bromine  towards  the  zinc,  and  so  prevents  direct  inter-] 
notion  with  liiierfttion  of  heat. 

Nijw,  to  euftbie  the  cell  to  operat*.  iiuctiT*,  conducting  tub- 
■tuic«s  mujt  bo  ftdded  to  coTupIetff  the  armngprnent.  A  pole 
aijilcd  oil  the  right,  a  eoaducting  aolution  is  placed  to  the  left 
the  partition,  and  a  wire  must  connect  the  two  poles.  The  wi 
may  connect  the  poles  throufch  a  voltmeter,  bo  that  the  E.M.F. 
produced  may  be  mfiaRiired.  Aloo,  since  bromine-water  is  a  poor 
conductor,  ft  well-ionized  salt  must  be  present  along  with  the 
bromine.  The  siiixstances  uaed  for  these  purposes  must  be  in- 
active. For  example,  the  pole  on  the  right  must  be  a  conductor, 
but  its  material  must  not  interact  chemically  with  (he  bromine 
or  with  the  salt.  .A.  rod  of  carbon  or  a  platinum  wire  will  serve 
the  purpose.  A  more  active  metal,  such  as  copper,  could  not  be 
used,  because  it  would  combine  with  the  bromine.  Again,  com- 
mon 8!iit  or  sodium  nitrate  may  be  mixed  with  the  bramine,  be- 
cause it  vn\l  not  interact  with  bromine  or  carbon  or  phktinum. 
Still  again,  the  solution  Jidded  on  the  left  must  be  one  which  will 
not  net  upon  the  itiiic  pole,  or  upon  the  solution  on  the  right, 
which  it  meets  inside  the  porous  partition.  Common  salt  or 
niter  fulfills  these  condition-s.  An  acid  could  be  used  on  the  right, 
but  not  on  the  left,  for  it  would  interact  with  the  zinc.  The 
reader  ahould  make  a  different  selection  of  inactive  materials,  so 
as  to  IxKome  familiar  with  the  reasoning  involved  in  the  choice 
in  each  ca«e. 

Note  that  in  each  figure,  the  symbols  for  the  aettvo  subAancM 
are  in  bU«k-f»o«  type,  the  products  are  in  Roman  type,  and  the 
iTtactive  materials  are  in  italic  type. 

The  Operation  of  the  Celt.  —  When  the  cell  has  been  as- 
sembled, and  the  wires  have  been  comiected,  the  following  phe- 
nomena are  obserA'ed: 

1.  The  zinc  begins  to  form  zinc  ions,  Zn  — •  Zn*^,  an  operation  \ 
which  leaves  the  pole  negative  (Fig.  123). 

2.  The  bromine  molecules  nearest  their  pole  touch  this 
bcponic  bromide  ions,  Btj  — •  2Br"",  and  leave  on  the  pole  a  po«tive  > 
clutrge. 

3.  Since  one  pole  is  negative  and  the  other  positive,  &  current  J 
flows  through  the  wire. 
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4.  Thfi  new  po«itivc  ions  (Zn"*^)  round  the  left  pole  (anode) 
attnict  aU  the  niigntivc  ions  in  the;  cell,  and  cause  them  to  migrate 
towurdjs  llie  li-ft  90  lut  to  keep  ull  parts  of  the  solution  neutral. 

5,  The   new  ni-gHtivc   iona 
on   the   right   (Br")   Hiiiiilarly- 

attnuit  alt  the  positive  ioiw  in  Zn      ^,^  ^x^      J>/ 

the  ceil,  and  cause  them  to 
drift  slowly  towards  the  right 
pole  (cathode). 

0  (Very  important).  It  will 
be  seen  that  tho  zinc  and 
the  broniino  b«coine  Ionised 
at  a  distance  from  one  another 
and  do  not  actualtj  combine. 
The  slow  migration  of  the 
Zn*-*"  and  Br~  ionB  will,  of 
course,  aft«r  some  hours  or 
days,  bring  some  of  these  ions 
together  in  or  ncjir  the  parti- 
tion, and  Moiiie  niolec'ule»  will 
be  formed.  But  this  operation 
produces  no  electrical  energy 
—  it  only  gives  out  or  absorbs  heat  (p.2.W)-  1'  ia  not  an  «*(wntial 
part  of  the  o[XT!itioii  of  the  cell.  The  chemical  chance  which  pro- 
duces the  current  U  the  lonisatlozi  of  the  two  elemenU,  separately. 
Tiie  term  combination  cell  is,  therefore,  misleading.  The  cell, 
as  a  source  of  electrical  energy,  is  concerned  only  with  producing 
two  kinds  of  ions  from  the  elementa.  True,  these  ions,  if  they 
united,  would  give  the  product  shown  in  the  equation  (ZnBr^, 
but  the  union,  if  it  ever  occurred,  would  bo  without  electrical 
effect.  It  ia  clear  that,  since  there  ia  sodium  chloride  (or  some 
other  ionogen)  in  all  parts  of  the  cell,  molecules  are  ionising,  and 
ions  are  combining,  continually,  tbrou^out  the  whole  s)'stein. 
TI1US,  on  the  left  some  tine  chloride  molecules  are  formed  and  on 
the  riglit  some  sodium  bromide  molecules,  and  eventually  near  the 
center  some  zinc  bromide  molecules.  But  these  reactions  occur 
in  tvery  solution  containing  ionogens,  without  giving  any  current. 
In  a  cell,  the  only  reactions  wbich  contribute  materially  to  tiie 
current  are  those  taking  pUce  at  the  surfaces  of  the  poles. 
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A  Pufplaremrnt  C«U.  —  Id  ft  similar  way,  a  cell  usbg  metallic 
nnc  and  cupric  sulphate  mitition  niHy  he  arranged  (Pig-  124). 
The  one  forms  one  pole,  and  the  cupric  sulphate  solution  must  be 
placed  on  the  other  ride  of  the  partition.  For  inactive  materials, 
a  plaU;  of  ooppcr  or  of  some  metal  below  copper  in  the  activity 
sericK  may  be  used,  and  any  iaohition  (such  ax  zinc  chloride  solu- 
tion) which  will  interact  neither  with  the  sine  nor  with  the  cupric 
sulphate. 

In  rollowing  tJie  operation  of  the  cell,  wc  may  xtart  at  either 
pole.    Thua,  the  zinc  gives  anc-ion  Za9  — *  Zu+++  2Q.    The  wire 


— "Zn- 


11 

Zf.CJ, 


Cu 


OVSQ, 


Jhi.  ions—        Neg.  ioju— 

Fio.  124. 


/W.  ions-*         A'ly  iojis- 
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1>eeome9  negatively  charfted.  The  cupric-ion  is  discharged  on  the 
other  pole  Cu*+ — tCu"  +  2©,  rendering  it  positive.  All  the 
positive  ions  in  the  cell  migrate  towards  the  right  pole  (cathod«). 
All  the  negative  ions  migrate  towards  the  left  pole  (anode),  since 
positive  ions  are  being  formed  on  the  left  and  are  disajipearing  on 
the  right. 

Wiien  bromine  displaces  iodine,  the  cell  may  be  arranged  as 
in  Fig.  125.  The  iodine  liberated  dissolves  in  the  iwtaasium  iodide 
solution  and,  with  starch  emulsion  prerfcnt,  its  formation  can  be 
detected  in  a  few  seconds. 
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The  Oxidation  Cell.  —  The  Birangement  whereby  stannoua- 
ioti  8n**  is  oxidixed  by  chIorme-w8t«r  to  slHimie-iuu  Sn*'^"'**'  is 
shown  in  Kg.  126,  The  (?htorine  O*  en<\>iintormg  the  pole  b«- 
comea  neRatively  charRed,  leaving  the  pole  positive.  This  posi- 
tive charge  is  shareil  by  the 
whole  conducting  wire  and, 
at  the  other  pole,  furnishen 
the  positive  eleclri(;ity  re- 
quired to  raise  the  charge  of 
each  tin  ion  from  Sn*^  to 
gn't-M-h^  Only  the  tin  ions 
which  huch  the  pole  can  ac- 
quire the  charge. 
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Facta  Concerning  all 
Celb.  —  If  the  wire  is  liiscon- 
ncttcd,  the  progress  of  the 
chfLuical  notion  is  sloppi'd, 
although  the  difference  in  pu- 
tentinl  remaina.  The  chiirgt^ 
couferred  upon  a  pole,  such 
88  that  from  the  ciipric  ion 
(Kg.  IM),  must  be  conducted  away,  before  additional  charges 
will  be  transferred  to  it. 

If  a  glass  partition  U  substituted  for  n  jjorous  one,  the  cell 
ceases  to  generate  dectricity.  The  partltioti  must  permit  the 
tranfi-migration  of  the  ions,  which  is  a  necessary  part  of  the  oper- 
atiou  of  the  cell. 

When  the  circuit  is  closed,  the  changes  described  go  on  until 
one  of  the  active  materials  is  exhausted  —  for  cxitinple,  until  all 
tlie  eupric'ioi)  has  been  deposited  as  copper,  or  until  all  the  Kiue 
has  been  consumed. 

Tlie  quantity  of  electricity  producled  is  96,540  coulombs  for  each 
equivalent  weight  of  the  active  materiuls  transformed,  e.ff.,  tor 
every  65.4/2  g.  of  isinc  consumed.  The  raf^  at  which  the  elec- 
tricity is  produced  is,  in  general,  greater  the  larger  the  area  of 
Iho  poles.     Tlie  uriiperage  of  a  single  cell  is,  in  general,  very  low. 

The  E.M.F.  of  the  cell  is  not  changed  by  altering  the  size  or 
shape  of  the  poles,  or  by  using  more  or  lestt  of  the  solutions.     It 
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i»  affected  by  any  change  in  the  quaHtie*  of  the  active  materials, 
however.  Changing  the  concent  ration  (see  p.  551)  of  the  cupric- 
ion  (Fig.  124)  or  of  the  bromine-water  (¥i^.  125)  haa  an  immediate 
effect.  So  baa  substituting  one  active  metal  for  another  (see  p. 
M7),  as  magnesimn  for  one  (Fig.  123).  Even  nammering  the 
metal,  thus  nmkiug  it  denser,  has  a  slight  e^ect. 

Single  Potential  D^fl'erences  Produced  by  the  Metala. — 

If  we  rcconsidt-r  the  cells  dciicribc*!,  we  shall  sc?*.-  that  there  arv 
really  two  chamical  actions  In  oach  c«U  and  that  these  are  to  some 
extent  independent.  We  mn  leuve  the  zinc  (Fig.  133)  coostanti 
and  change  the  concentration  of  the  bromine  or  even  8ub«tilule 
chlorine  or  iodine  for  the  latter.  On  the  other  hand,  we  can 
leave  the  bromine-water  constant,  and  exchange  the  line  for  some 
other  active  metal.  Thus,  the  E.M.F.  of  evei^-  cell  is  really  Ilie 
resultant  of  two  effects.  Now,  these  effects  can  be  measured, 
scpsirately. 

If  we  place  zinc  in  a  solution  of  zinc  chloride,  we  find  th.^t  there 
is  at  once  a  difference  in  potential  t>etween  the  metal  and  the  .'uslu- 
tiont  The  metal  has  an  individual  tendency  to  become  ionic  — 
a  sort  of  solution  pressure  —  and  to  form  a  few  ions,  thus  making 
rtie  liquid  positive  and  the  mel«l  negative.  In  reality,  it  is  the 
tendency  of  the  atoms  of  the  metal  to  give  up  electrons  (p.  235), 
e.g.,  Zn  —  2*  =  Zn^**,  which  is  Ix^Ing  observed.  On  the  other 
band,  the  ions  have  a  tendency  to  dejwsit  Iheniselvc*,  and  a  few 
may  be  depoMled  flaking  up  their  eh-ctrons  and  becoming  neutnU), 
rendering  the  pole  positive  and  the  solution  negative.  If  tfae 
former  tendency  (the  tendency  to  jpvc  up  electrons)  is  the  stronger 
of  the  two  (the  more  active  metals),  thou  a  difference  in  potential 
is  produced,  with  the  solution  positive.  If  the  latter  tendency  is 
the  stronger  (less  active  metals)  the  solution  is  olwerved  to  be 
negative.  Since  raising  the  concentration  of  the  metaUions  wiU 
increase  the  tendency  to  deixisition  and  vice  versa,  it  is  customary 
to  take  as  the  standard  solution,  for  this  purpose,  one  in  which 
the  concentration  of  the  metal-ions  is  normal  (AT).  In  the  follow- 
ing table,  the  sign  preceding  the  number  is  the  cliarge  of  tho 
solution. 
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PoTK^rriAL  OK  jV  SonmoNs  in  Contact  wrru  Metals 
(E.-M.  Series) 


I 


K 

Na 

Ba 

Sr 

Ca 

Mg 

Al 

Mn 

Zn 


(+  2.6) 

(+  2.-*) 

(+  2.6) 

(+:2.6) 

(+  2.4) 

+  1.3 

+  1.0 

+  0.8 

+  0.5 


) 


Fe(Fe 

Cd 

Co 

Ni 

Pb 

So (Sn++) 

H 

As 


Bi 

-0.63? 

Sb 

-0,71? 

ng(Hr) 

-0.99 

pd 

-  1.03? 

A« 

-  l.W 

Pt 

-  1.10? 

Au 

-1.77 

+  0.2 
+  0.16 
+  0.05 
-0.02? 
-0.12 
-0.14 
-0.24 
-0.58 
Cu  (Cu+*)  -  0.68 

'  Thus,  oppo«>itP  Mg  we  find  +1.3.  This  tnoana  that  when  a 
piece  of  magnesium  U  placed  in  a  solution  of  a  salt  of  mi^nmum, 
containing  normal  concentration  of  Mg**,  the  solution  is  posi- 
tavdy  duu^ed  (the  metal  nogativcly)  and  the  difference  in  pobcii- 
tial  is  1.3  volts.  With  silver  in  a  solution  of  a  salt  of  niver, 
containing  normal  concentration  of  silver-ion,  the  solution  is 
negative  and  the  difTerencc  in  pot«utiuI  is  —1.04  volts. 

For  a  hydrogen  pole,  »  piece  of  palladium  saturated  with  hydro- 
gen (p.  57)  is  ujK'd.  The  values  for  the  metab  wbieh  decom]KK>e 
wat«r  with  ease  cannot  be  observeil,  and  so  caleulntvd  values  are 
given  in  parentheses. 

AppUcalionn:  E,M.F.  oj  a  Dtiiplacemrnt  Cetl.  —  For  a  cell 
in  w'liich  one  metiil  i-s  going  into  solution  und  another  is  being 
deposited  —  like  ihut  with  zinc  and 
cuprie  sulphate  —  we  can  calculate  from 
the  foregoing  data  the  Fl.M.F.  of  the 
cell.  Zinc  in  normiU  zintvion  solution 
makes  the  solution  +0.5.  Copper  in 
normal  cupric-ion  eiolution  makes  the 
solution  —0.58.  The  anodic  and  cathod- 
ic  sj'stems  are  here  stated  as  if  they 
worked  against  one  another.  The  com- 
bined effect  of  the  two  is  therefore 
the  difference:  +  0.5  -  (-0.58)  =  1.08 

TOltl. 

The  Danidi  or  crati^  cell  (Fig.  127)  represent*  this  combi- 
nation.   The  copper  plate  la  at  the  bottom  and  the  zinc  is  sus- 
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pimded  sbovp  it.  The  evil  is  filled  with  dilute  sodium  chloride 
liuIutioD  and  crystals  of  i-uprie  sulphutc  are  thrown  in.  So  long 
08  the  cell  is  not  disturbed,  the  heavy,  saturated  solution  ol 
<'U])ric  sulpbtttc  rcmiiios  nt  the  bottom,  so  that  no  porous  par- 
tilioii  is  rcquin.'d.  The  iictual  E.M.F,  of  thbt  ecll  tn  uot  exactly 
that  calc-ultited  for  iiurinal  itolutions,  because  the  cupric  sulphate 
is  ill  sftturatod  solution,  niid  the  conoentratiuii  of  the  xiue^on 
varies,  ^tnitiiif;  nt  f»Tii  and  incres«iug  aa  the  oi^ll  i»  used.  It  is, 
however,  a  Utile  over  I  volt. 

I'he  Walton  Standmrd  0*0  eontaiils  a  pole  of  mercury  in 
saturated  solution  of  niercurona  sulphate  and  cadmium  in  contaci 
with  saturated  i:adniium  sulphate  sohition.  For  norma!  solu- 
tions, the  voltage  would  !»  +0.16  -  (-0.99)  =  1.15  volta.  A' 
20*  it  is  1.0183  volts. 

The  Clark  Standard  C«U  contains  zinc  and  zinc  sulphate  solutj' 
in  place  of  the  L-admiuin.     With  normal  aolutions  it  would  give 
+  0.5  -  (-0.99)  =  1.49  volts.     It  actually  gives  1.434  volts. 

Single    Potential    Differences  for    Kon- Metallic  Ions. 

The  corresponding  figures  for  the  nun-nicttds  arc: 

I        -0.78        Br        -1..32        CI        -1.59 

Hence  the  cell  with  sine  and  bromine-water  (p.  541)  in  presence 
of  normal   concentration  of  the  respective  ions    gives   +0.6  — 
(-1.32)  =  i.82  volts.     Similarly,  the  cell  in  which  bromine  diftj 
places  iodine  (p.  544)  gives  -0.78  —  (-1.32)  =  0.M  volts. 
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Applicationst     ElectrotyMin:     Discharging    Potenliats, — 

When  »  solution  of  a  salt,  such  as  cupric  chloride,  i»  cleelrolyicd, 
copper  and  chlorine  arc  liberated  at  the  two  poles.  Now,  when 
the  electrolysis  has  made  some  progress,  if  the  battery  is  taken 
out,  and  the  wires  are  joined,  «  current,  the  polarizaUon  current, 
flows.  Evidently,  the  copper  and  chlorine  hlwraled  in  and  round 
the  electrodes  have  made  the  arrangement  into  a  copper-chlorine 
battery  cell.  Assuming  normal  concentrations,  the  E.M.F.  of 
the  j)o1arizHtion  current  is  -0.-58  -  (—1,59)  =2.17volt8.  Now 
this  counter-current  is  in  operation  during  the  whole  electrolysis. 
To  overcome  it,  and  maintain  the  electrolysis,  evidently  an 
E.M.F,  of  at  least  2.17  volts  from  the  battery  is  required.  This 
is  called  the  dliebarglnc  potential  for  cupric  chloride. 
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Apptication»i  Eltctrolytic  Refining.  —  The  vkctrolytic 
for  relining  cop|>er  (read  p.  511)  can  uow  bt*  mort-  ciu-ily 
understood.  Both  electrotlen  are  made  of  copper,  and  the  solu- 
tion contains  ciiprio  sulphate.  There  is,  therefore,  no  difference 
in  potential  between  the  plates,  except  a  very  small  one,  due  to 
the  fact  that  one  plate  is  pure  copper  and  the  other  impure. 
Hence  a  %'ery  slight  E.M.F.,  sufficient  to  overcome  the  difference 
just  mentioned,  and  to  overcome  the  friction  of  the  moving  ions, 
is  all  that  is  required,  and  0.5  volts  is  sufficient. 

As  regards  the  resulting  purlflcatlOD,  the  anode  of  crude  copper, 
which  is  being  coiiKumed,  contain)!,  bcxidcs  copper,  small  amounts 
of  less  active  melalu  like  silver  and  gold,  and  of  more  active 
metals  like  zinc.  So  far  lut  the  more  active  inetala  are  concerned, 
the  ceil  in  like  one  with  sine  and  cupric  sulphate  (p.  544).  It 
would  run  by  iUelf,  without  any  outside  current,  and  would 
actually  generate  a  current.  Hence  the  active  metals  become 
ionic  easily,  and  dispUice  cupric-ion  from  the  solution.  The  leas 
m'live  metals,  on  the  other  hand,  are  not  required  for  the  trans- 
ference of  the  electricity,  since  a  great  excess  of  the  more  active 
copper  is  available.  They  also  require  a  larger  E.M.F.  for  their 
ionixaUon  than  does  copper.  Uence,  they  remain  as  metals,  and 
drop  to  the  bottom  of  the  cell  (sludge)  as  the  anode  of  crude 
copper  wears  away. 

Application*!  Couptea.  —  The  fact  that  metallic  sine  will 
tli.'^place  hydrogen-ion  fntm  an  acid,  or  cupric-ion  from  cupric 
sulphate  solution  can  now  be  explained.  The  more  active  metals 
are  the  ones  which  have  the  greatest  tendency  to  become  ionic. 
Each  will  deprive  the  ions  of  a  nictal  below  it  in  the  list  of  their 
electric  charges: 

Zn<»-t-2H+-.Zn^-|-H,''t. 
Zn"  +  Cu++  -» Za«-  +  Cu«i . 

Now  we  have  noted  the  facta  (pp.  55,  626)  that  contact  with  a 
platinum  wire,  or  the  presence  of  impurities  (other  metabi)  in 
the  zinc,  will  hasten  its  action.  Pieces  of  two  metuls  in  contact 
with  one  another  constitute  s  couple.  With  iiuc  and  platinum 
in  an  acid,  a  current  is  set  up,  like  that  of  a  short  circuited  ceJl. 
I'he  unc  becunws  negative,  the  jilutinuni  positive,  and  the  hydro- 
gen hi  l&m^ed  upon  the  jtliOinum.    This  faetlitates  Uie  action 
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because,  when  the  pULtioum  is  absent,  and  thi-  hydrogwi  g»3,  in ' 
bles,  is  liberated  on  tbc  surface  of  the  zinc,  thin  surfaw  in  only 
partly  tn  contact  wiUi  the  acid  (H*^),  and  so  the  libcrotiwi  of  Uie 
hydrogen  is  slower. 

Oalvanliod  Iron  is  also  a  couple.  When  mn  (dilute  carbonic 
acid)  falls  upon  it,  the  zinc,  being  the  more  active  metal  (p.  528), 
is  the  anode  and  tends  to  become  ionized  (forniing  the  carbonate). 
The  iron  is  the  cathode  and  is  not  affected.  The  carbonate,  how- 
ever, forms  »  cloi^-ly  ud>ierini;  coating  on  the  sine,  and  so  but 
little  of  this  metal  is  ucluully  eousuiucd,  and  the  material  i» 
therefore  durable.  On  the  otlif^r  hand,  a  sheet  of  iron,  without 
the  zinc  coating,  gives  ferrous  carbonate  which  is  easily  oxidixed 
to  ferric  hydroxide  (a  ba.**  too  weak  to  give  a  carbonate).  This 
forms  a  brittle,  porous  layer  which  does  not  mechanically  protect 
the  surface  from  further  action,  and  so  the  iron  is  finally  all  ou- 
dizod.  Tin-pUt«  (tin  on  iron,  a  couple)  is  not  attacked  bo  long 
as  the  layer  of  tin  is  nowhere  broken.  But  damaged  tin-plate 
rusts  rapidly.  There,  the  iron  is  the  more  active  metal  (p.  M7) 
and  forms  cjtrbonate  and  then  hydroxide  continuoualy,  while 
the  tin  remains  unaffected. 

Applitrationai  Measuremmnt  of  Affinity.  —  Since  eqtul 
quantities  of  electricity  bring  about  (or  are  brouglit  about  by) 
chemical  changes  in  chemically  equivalent  weights  of  material, 
it  folloWB  that  the  E.-M.  forces  required  (or  produced)  are  pro- 
portional to  the  chemical  affinity.  Thus  the  activities  of  the 
metaU,  expressed  in  volts  (p.  M7),  are  accurate  figures  for  the 
relative  affinitiei^  of  the  metab,  so  far  at  least  as  ionic  actions  are 
concerned.  In  point  of  fact,  they  express  also  the  approximate 
lenities  of  the  metals  in  other  actions  (pp.  60, 531)  as  well.  Again, 
by  using  different  oxidizing  ag(^nts  in  place  of  the  chlorine-water 
(p.  545)  and  noting  the  differences  in  potential,  we  can  obtain 
numbers  representing  the  relative  activities  of  various  oxidizing 
agents  towuxls  oxidisable  ions. 

Cotircntrntion  Cells.  —  If  two  rods  of  a  metal  {e.g.,  tin)  are 
placed  together  in  the  same  solution  of  a  ^It  of  tbc  metal  (e.g., 
fltannous  chloride  SnClj),  there  is  no  difference  in  potential,  be- 
cause the  state  of  both  poles  is  in  all  raspects  Uie  same.    But,  if 
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the  solution  round  one  polo  is  muru  L-oncvntruted  thtui  tJmt 
round  the  other,  a,  ditTcronw  in  pot«^nt.itil  ia  protluctti  (Fig.  128). 
The  tendeocict)  of  the  iiietiillic  tin  tu  form  ivas  uro  i'qiuU,  but 
the  pressures  of  the  stannous 
ions  are  different,  and  bo,  when 
the  cireuit  is  closed,  staanous 
ioDS  are  dtschargiid  on  thu  tin 
pole  in  the  more  concentrated 
solution,  forming  long  crystals 
of  tin,  and  tin  in  ctiual  amount 
from  the  pole  in  the  dilute  solu- 
tion becomes  ionic. 

The  law  wtiifb  formulates 
the  relation  between  the  two 
concentrations  and  the  E.M.F. 
produced  being  known,  it  is 
possible  t^)  use  the  coneentni- 
tion  cell  for  men^uriiig  «oUi- 
bilities  uf  irutuluble  »blt«. 
Thus,  we  CEimiot  easily  meas- 
ure the  solubility  uf  silver  tlilo- 
ride  by  the  ordinary  iitothod 
(p.  123),  because  evaponttion  of  the  solution  mjiy  kafx  a  lai^or 
mass  uf  iinpuritieii,  derived  from  solution  of  the  glasf,  than  of  dis- 
nolved  silver  chloride.  Hence,  we  use  two  pol<«  of  silver,  ptaee  one 
in  nornml  silver  nitrat«  solution  and  the  other  in  salurati'd  silver 
cliloride  solution  (with  excepts  of  the  solid),  meJisnre  the  differenee 
ui  potential,  and  i'aloulat«  the  ratio  of  the  conrentrations  of  silver- 
ion  ui  the  two  solutions.  The  alii^olute  value  of  that  in  the  silver 
nitrate  solution  is  known,  and  so  the  absolute  value  of  the  Agf** 
concentration  in  the  silver  chloride  solution  can  be  found.  Since 
silver  chloride  is  a  salt  (p.  242),  it  is  very  liiRhly  ionised  in  to 
dilute  a  solution,  and  the  molecular  concentration  of  silver-ion  i» 
practically  equal  to  the  total  molecular  concentration  of  sQver, 
and  therefore  of  silver  chloride  in  tbe  liquid. 

Exeraaea.  —  1.  Make  diagrams  of  the  following  cells,  choosing 
with  care  suitiiblc  inactive  substances  to  complete  the  arrange 
ment:     (a)   chlorine-water  and  alummium;     (b)    chIorine-wat«r 
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and  ferrous  chloride;  (c)  smc  and  dilute  sulphuric  acid;  («)  chlo- 
rine-water and  potajsaum  broiiiidf, 

2.  Calculate  the  E.M.F.  of  each  of  the  Ccll^  in  Ex.  1,  lUBuming 
normul  solutionii  to  be  pnixent. 

3.  What  will  be  the  discharging  potcntiuls  of  sdutioDS  of  the 
following  Dubstancos,  assuming  jV  cuncentrutions  of  the  ions: 
(a)  luangUDousotdoride;  (6)  hydrogen  iodide;  (c)  ferrous  bromide; 
(e)  sodjuni  chloride  (h>-drogeD  'a  libemt^NJ)? 

4.  What  weight  of  sine  must  be  ionized  every  hour  in  a  cell  in 
order  to  produce  a  current  of  5  amperes  strength?  For  how  long 
would  500  g.  of  aoc  serve  to  iiiatntAin  this  current? 

5.  In  the  sinc-broniinc  cell  (p.  543),  why  is  the  zinc  pole  called 
the  anode,  although  its  charge  with  reepect  to  the  platinum  is 
negative? 
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ALUHtNtUU  AND  THE  HXTAL8  OF  THZ  EARTHS 

Thk  chief  members  of  the  family  occupyinR  the  fourth  colunin  of 
th«  periodic  table  are:  boron  (B,at.  wt.  tl),  aluminium  (Al,;it.  wt, 
27.1),  gallium  (Ga,  at.  wt.  70),  indium  (In,  at.  wt.  115),  thallium 
Tl,  at.  wt.  204),  all  on  the  right  side  of  the  column;  and  scandium 
(Se,  at.  wt.  44.1),  yttrium  (Y,  at.  wt.  89),  lanthanum  (La,  at.  wt. 
139),  on  tiui  left  side.    These  clemeotB  arc  all  trivalent. 

The  Rare  Elemen  ts  of  this  Family.  —  The  oxide  and  hydrox- 
ide of  boron  arc  ucidie  (p.  431).  Those  of  aluminium  (Al(OH))), 
gallium  {Ga(OH),),  indium  (In(OH)i),  and  thallium  (TIO.OH)  are 
banc,  but  behave  uEmo  ax  acids  towards  strong  basca. 

OalUum  and  Indium  oocur  occiutioiiully  in  ziui'-blcndc,  and  were 
discovered  by  the  ii»-  of  the  dpcctrodcopc.  The  former  takea  ita 
naioe  frnm  the  country  (Prance)  in  which  the  discovery  was  mode, 
and  the  latter  from  two  blue  tines  shown  by  its  spectrum. 

Thatllum  i»  found  in  some  specimens  of  pyrite  and  blende.  It 
wftB  discovered  by  Crookcs,  by  menns  uf  the  spoctroBcope,  in  the 
seleniferous  deposit  from  the  flues  of  a  sulphuric  acid  factory.  It 
received  its  name  from  the  prominent  green  line  in  its  spectrum 
(Ok.  ftiAAo),  a  K'"'"^''  twig).  It  gives  two  complete  series  of  com- 
puunds.  In  those  in  which  it  is  trivalent  (thalhc  salts),  it  resem- 
bk»  aluminium  (i^.i'.].  Thua,  the  salts  of  this  series  are  more  or  less 
b>'drDlys«l  by  water.  Univalent  thallium  recalls  both  sodium  and 
silver.  ThallouB  hydroxide  TIOH  is  soluble,  and  give^  a  strongly 
alkaline  solution,  but  the  chloride  is  insoluble  in  eold  water.  The 
solutions  of  the  tballous  salts  arc  neutral.  The  metal  is  displaced 
from  ita  salts  by  zinc. 

Of  the  elements  on  the  left  side  of  the  column,  icandlum,  whoso 
existence  and  propc-rtioa  were  predicted  by  Mcndclejcff  (p.  301),  ia 
the  best  known.  The  metals  of  the  nt*  •tfthi,  of  which  it  is  one, 
are  found  in  rare  minerals  such  as  euxenite,  gadolinite,  orthitc,  and 
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monozitp,  which  occur  in  Sweden,  GivGalaad,  and  the  United 
States.  Csrium  (Cc,  ut.  wt.  140.25),  n«od;iniaia  (Xd,  at.  wt. 
144.3),  unci  pTuvodrmium  (Pr,  itt.  wt.  140.9)  iK-cur  iiluiig  with 
lutttutnum  in  cc-ritc,  a  Hilicutc  of  these  four  Hcmout;*.  These  four 
arc  iiic]udo<[  umongst  thv  mctide  of  the  raru  t^artlis.  The  com- 
pounds  of  iniuiy  of  thcac  ruro  «lcm<Mitj<  bcbuve  ko  much  alike  th»t 
sppnnitiori  la  difTicuH.  TItore  arc  se%-end  with  atomic  weij^ts 
nejtr  to  that  of  laiithanutn  fur  which  accornmodatiou  cannot  easily 
be  found  ia  the  periodic  tabic.  OstwaUl  ha.**  compared  them  to  a 
eroup  of  minor  planets  such  as  in  the  solar  system  t&kcs  the  place  , 
of  one  large  planet. 

AWMISICM 

The  Cht'inical  Relations  of  the  Element,  —  Aluminium  ia 
trivalrnt  px<!ii.*ively.  Its  hy<iroxi(l<',  Uke  that  of  zinc  (p.  .')29),  ia 
amphoteric,  that  ia  to  say,  it  is  feebly  acidic  as  well  as  basic,  ami 
hence  the  metal  forms  two  sets  of  compounds  of  the  types  Nai.A10i 
(sodium  aluminate)  and  Alj-CSOOi.  The  salts  of  both  series  are 
more  or  Icwa  hydrolyzed  by  water,  the  former  verj-  outispicuously 
U  is  woitli  noting  that  the  hydroxi<Je.s  of  the  trivaient  met^ik, 
metals  in  the  trivaient  condition,  such  as  AI(.(>H)i,  Cr(OH)i, 
Ke(On)j,  are  all  diatincttv  le^sa  baste  thnn  are  those  of  the  bivalent 
metids  such  as  Zn(OH)j,"Cd(OID,,  Fc(On)s,  MuCOII),.  Alumin- 
iuin  docs  uot  enter  into  complex  anions  or  cations,  and  is  too  feebly  i 
bu^e-fortuing  to  ^ve  salts  like  the  carbonate  or  sulphide.  ^| 

Orcttrrence.  —  Aluminium  is  found  very  plentifully  in  combi- 
nation, coming  next  to  oxygen  and  silicon  in  this  respect.  The 
fdspars  (such  as  K/VlSiit\),  the  micas  (such  as  KAlSiO»),  and 
kaolin  (clay)  HjAlj(SiOi)j,HiO  are  the  commune«t  minerals  con- 
tnining  it.  Since  the  soil  has  been  formed  largely  by  the  weather- 
ing of  minerals  like  the  felspars,  day  and  other  products  of  the 
decomposition  of  such  minerals  constitute  a  large  part  of  it.  ('ryo- 
lito  is  a  double  fluoride  aN'aF,AlF).  Various  forma  of  the  oxide 
and  hydroxide  are  uIho  found. 

Prepttration  and  Phynicttt  Properties,  —  The  metal  is  oow 
made  on  a  large  scale  by  electrolysis  of  the  oxide  AI»Oj  dL-woh-ed 
in  a  bath  of  molten  cryolite  (ni.-p.  1000"),  a  process  invented  by 
C.  M.  HidI  (1886).     The  operation  is  conducted  in  cells  (5X3  feet. 
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H  or  larger),  tht>  cjirboii  linings  of  which  form  the  cathodes  (Fig.  129). 
The  miodcs  are  roiis  of  airboii  which  combine  witJi  the  oxygea  an 
it  is  Itberntcd.  The  molten  nictul  (iti.-p.  659°)  «iaks  to  the  bottom 
of  the  cell  sind  is  drawn  off  periodicully,  t 
while  fresli  portions  of  the  oxide  iir« 
add«d  from  time  to  time.  The  oxide  in 
iiiude  from  bauxite  (see  below),  und 
must  be  free  from  oxide  of  iron  mid 
other  imi)uritie»<,  as  the  metal  cannot  y 
be  purified  conmiercially.  The  current 
(E.M.F.  5-6  volta)  maintains  the  teni- 
perftttirc  of  the  molten  niaterials,  and 
causes  the  decomposition.  In  IStJli 
aluminium  cost  SilO  7.iO  (£.50-150)  per  kilogram.  In  1883  the 
whole  production  was  about  40  kilos.  In  1913  the  United  States 
alone  consumed  .I.*!  million  kilos,  costingalx>iit  50  oent,i  (2/-)  per  kilo. 
Tlie  metal  melts  at  658.5",  but  is  not  mobile  enough  to  make 
ca^ngs.  It  isexceedingly  light  (sp.  gr.  2.6),  and  in  tensile  strength 
excels  the  other  metals,  with  the  ejcception  of  iron  and  copper. 
It  is  malleable,  and  the  foil  is  taking  the  place  of  tin  foil  for  wrap- 
ping foods.  It  hiiB  a  silvery  luster,  and  tarnishes  very  slightly, 
the  firmly  adheHfig  film  of  oxide  first  formed  protecting  its  surface. 
Although,  comparing  cross-scctioafi,  it  is  not  so  good  a  conductor 
of  elcclrifity  iis  is  copper,  yet  weight  for  weight  it  conducts  better. 
It  is  difficult  to  work  on  the  lathe  or  to  polish,  because  it  sticks  to 
the  tools,  hut  the  alloy  with  ma^evimu  (about  2  per  cent)  called 
macn^ium  hn^  admirable  r|UHlitio8  in  the»e  respects.  Alumlslom 
broni«  (.j-12  per  cent  aluminium  with  coppiT)  is  easily  fusible,  haft 
a  magnificent  golden  luster,  and  possesses  mechanical  and  chemical 
resistance  ejtceeding  that  of  any  other  bronise.  The  metal  and  its 
ulloys  are  used  for  making  cameras,  opera-gla.H.<tes,  cooking  utensils, 
and  other  articles  retiuiring  lightness  and  strength,  as  well  as  for 
the  transmission  of  electricity.  The  powdered  metal,  mixed  with 
oil,  is  used  in  making  a  silvery  paint. 

Chemical  Properties.  —  The  metal  displaces  hydrogen  from 
hydrochloric  acid  very  easily.     It  displaces  hydrogen  also  from 
,       boiling  solutions  of  the  alkalies,  forming  aluminatee: 

2AI  +  6NaOU  -♦  2N»iA10j  +  3H». 
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In  oonecqucnoc  of  its  very  great  affinity  for  oxygen,  aluminit: 
displnccs  from  tJti-ir  oxides  the  metals  below  magneaium  in  the 
E.-M.  Reriefl.  Tliu-s,  wlusi  a  mixture  (UMimit«)  of  alumituum 
powder  and  ferric  oxide  is  placed  in  a  crucible  and  ignited  by  means 
of  a  pi(K^  of  burning  nkagtipsium  rihlion,  aluminium  oxide  lud  iron 
are  formed : 

FcO,  +  2A1  -*  AI,0,  +  2Fe. 

The  very  lii^  temperal-ure  (aljout  3000")  produced  by  the  action  is 
HUfticieiit  to  mell  both  the  iron  (m.-p.  1530°)  and  the  oxide  of 
aluminium  (m.-p.  2050°).  The  products,  not  being  nuHciblo, 
separate  into  two  layers.  This  very  simple  method  of  making  pure 
specimens  of  metals  like  chi-omium,  uranimu.aaii  manganese, wboao 
oxides  are  otherwise  bard  to  reduce,  is  called  by  Goldschmtdt, 
the  inventor,  aluml&otlurmr.  By  preheating  the  ends  of  utcel  rails 
with  a  gasoline  torch,  firing  a  mass  of  thcriiiite  in  »  cmeible  above 
the  joint,  and  allowing  the  iron  to  flow  Into  the  joint,  perfect  welds 
are  made.  In  the  muiw  way,  hirge  uisting^,  like  )iropclier  shafts, 
when  broken,  can  iw  mendeii.  The  sulphides,  sucli  aa  pyrite,  arc 
reduced  with  lik*^  vigor  by  aluminium. 

The  largest  part  of  the  aluminium  of  commerce  is  used  by  steel- 
makers. When  added  m  small  amount  (less  than  1  :  tOOO)  to 
molten  uteel.  it  combines  with  the  gases,  and  (pvea  sound  ingots 
free  from  blow  holes. 


I 


Aluminium  Chloride  AtCIa-  —  If  the  luetol  or  the  hydroxide 

is  treated  with  hydrochloric  acid,  and  the  solution  is  allowed  to 
evaporate,  the  hydrated  chlorids  Alf'I],6HiO  is  formed.  When 
heated,  this  hydrate  is  completely  hyilrolyzed,  hvfhochloric  acid 
is  f^ven  off,  and  only  the  oxide  remains.  The  anbrdroux  chlorida 
AlCU  is  made  by  passing  dry  chlorine  over  aluminium.  Hince  it 
sublimes  as  a  white  crystalline  solid  without  m(?lting.  when  thus 
prepared  it  is  vaporiaed  and  condenses  in  a  cool  part  of  the  tube. 
It  fumes  when  exposed  to  moist  air  on  account  of  the  hydrogen 
chloride  produced  by  hydroKTiii!,  and  only  with  excess  of  hydro- 
chloric acid  docs  it  give  a  clear  solution  free  from  basic  salts. 

Aluminiitm  ftydroxide  and  thti  Alttminatff». — When  an 
alkali  is  added  to  a  solution  of  n  salt  of  ahuniniiim,  the  bjdroxld* 
Al(OH)i  is  preci]>itated  in  gelatinous  form.     It  loses  water  gradu' 
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ally  when  dried,  forming  no  intermediate  hydroxidu,  uotil  AltOi 
remains.  Natural  forms  of  this  substance  are  hydmrg>'llite 
Al(OH),  (=  A1,0,,:JH/)),  bauxite  AI^(OH),  (=  A!,0„2HtO), 
which  alwaj'B  contains  ferric  oxide,  and  diaspore  AIO.OH  ( ^  AI,Oi,- 
H,0). 

Commercially,  the  h}'droxide  is  made  by  heating  bauxite  with 
dry  sodium  carbonate,  and  extracting  the  sodium  metalumioate 
with  water: 

Al,0(OH)i  +  NftiCO,  -» 2NaAI0,  +  CO,  +  2H«0. 

The  iron,  present  ax  an  impurity,  remains,  aa  ferric  oxide,  undis- 
solved. Tlio  hydroxide  is  then  precipitated  by  passing  carbon 
dioxide  thruugh  tlie  solution: 

2NaAU),  -f  CO,  +  3H,0  —  Na,CO,  +  2A](0H),. 

Aluminium  hydroxide,  being  amphoterii;,  ioteracts  both  with 
acids  and  with  bases,  and  is,  therefore,  like  uno  hydroxide  (p.  531), 
ionixed  both  as  a  base  and  as  an  acid.  It  interacts  only  slightly 
with  ammonium  hydroxide,  because  this  substance  is  too  feebly 
basic,  but,  from  the  solution  in  the  active  alkalies,  the  alumlnat«> 
Nai.AlOi,  Na.AlOt,  and  K.AIO,,  can  be  obtained  in  solid  form. 
The  aluminatcs  arc  largely  hydrolyjcd  by  water: 

NaAIO,  +  2H,0 1^  NaOH  +  Al(OH),. 

When  calcium  chloride  is  added  to  a  solution  of  sodium  alumi- 
nate,  the  insoluble  oaloium  matalumlnkt*  is  deposited: 

2NaA]0,  +  C:aCl,  ->  Ca(AIO,),  +  2Nfta. 

The  relations  of  these  various  substances  are  shown  by  the  follow- 
ing formuls: 

^O 

^0-H  ^0-Na  ^o  ^0  ^^0 


Al-O-H      AI-O-Na      At 
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O-H 


Al 
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A  number  of  insoluble  mctaluminates,  such  as  spinellc  Mg(A1O0t, 
and  gabnitv  Zn(A10,)i,  urn  found  in  nature.  They  (Kintain  bi- 
valent metals  in  place  of  the  calcium  in  the  last-named  compound. 


k 


CHEldBTRT 


Atumtntum  Oxide  AlgO^.  ~  The  oxide  (alumiiiA)  is  manu* 
stured  by  beating  the  pure  hydroxide  made  from  batixito  (see 
ave).  It  is  found  in  nature  in  pure  form  as  corundum.  This 
mineral  is  only  one  dti^ec  leus  hard  than  the  diamond.  Enury 
is  a  common  variety,  vontaiiiiimted  with  ferric  oxide,  and  wag 
widely  U8«d  as  an  abrasive,  until  largely  displaced  by  carbonmdum. 
The  ruby  is  pure  aluminium  oxtdc  tinted  by  a  trace  of  a  compound 
of  chromium,  while  the  sapphire  it;  the  aame  material  colored  with 
aluminates  of  iron  and  titanium.  It  is  said,  however,  that  the 
eame  tint  is  eonferred  upon  colorless  corundum  by  exposure  to  the 
influence  of  salts  of  radium.  By  ingeuious  methods  of  fusing  the 
oxide,  "syuthetic"  sapphires  and  rubies  arc  now  made  in  large 
quantities.  Alandum,  a  refractory  luutcrial  for  (Turiblcs,  is  made 
by  heating  objects  made  of  tlic  oxide  in  the  electric  furnace  until 
a  small  proportion  of  the  material  is  melted.  ^ 

Aluminium  Sulphate i  The  Alumit.  —  Aluminium  sulphats 
Ali(S04)t.l8H]0  if<  prepared  by  treating  either  bimxito,  or  the  pure 
hydroxide  made  from  bauxite,  or  pure  clay  (kaolin)  with  sulphuric 
acid.  In  the  latter  case  the  insoluble  residue  of  silicic  uod  is 
removed  by  61tration: 

H»Al,(Si04)i  +  3H^0*  —  AU(S04),  +  2HiSiOi  +  2H,0. 


I 


The  solution  of  the  sulphate  is  acid  in  reaction.  It  crystalliaes  in' 
leaflets  wtiich,  when  the  source  was  clay  or  bauxite,  Iiave  s  yellow 
tinge  duo  to  the  prcieHW  of  iron  as  an  impurity.  The  salt  is  used 
fL-«  a  source  of  precipitated  alnminium  hydroxide  in  paper-making, 
water  purification,  and  dyeing.  fl 

When  !iulphat«  of  potassium  solution  is  added  to  a  strong  aolti- 
tion  of  aluminiun]  sulphate,  octahedral  crystals  of  potash  alum 
(see  below)  are  deposited.  This  is  a  double  salt,  and  is  one  of  itfl 
large  class  known  as  the  aluma.  The  alums  have  the  general 
formula  .Wi'S04,A/i"'(S04)j,24II)0,  and  may  be  made  as  above  by 
using  a  sulphate  of  a  univalent  metal  with  one  of  a  trivalent  metal. 


Thus,  for  iV  we  may  use  K,  Nn», 


Rb,   Ce,  and  Tl',  and  for 
All  the  alums  crystalline 


M'",  Al,  Fe"",  Cr'",  Mn'",  and  Tl™. 
in  octahedra. 

Potualum-alumlnlum  aulphat*  K:SO,,AI)(SOi)),24ntO,  ordinary] 
alum,  is  made  from  uluminlnm  sulphate.     It  is  also  prepared  byj 
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hcAting  atunite,  a  basic  alum  found  near  Rome  lutd  in  Hiin^iry, 
and  extmotinfc  the  product  with  wat^r.  The  alunitc  EAU(OH)«- 
(SO*)]  IcHVPii  an  insoluble  residue  of  the  hydroxide,  mixed  with 
ferric  oxide  whirh  is  present  »»  an  imp«irity: 

2KAI,(OH),(S04),  -  K,SO.,Al,(SO*)i  +  4Al(0HV  [ 

The  hydrated  salt  melta  at  90".    An  aqueous  solution  of  this 
iwtt,  or  of  Hodium  phosphate  (p,  464),  ia  usetl  for  lireproofinsj 
draperies.     The  crystals  <leposited  in  the  fabric  melt  easily,  and 
■Mlie  fused  material  protects  the  fibers  from  aecess  of  oxj^n.    When 
ifWBted  more  strongly  alum  loses  its  water  of  hydration,  together 
irifii  some  sulphur  trioxide,  and  Icitves  a  slightly  basic,  anhydrous 
salt  known  as  burnt  alum.     Potash-aJum  and  ammonium-atum  are 
more  easily  freed  from  impurities  (e.g.,  compounds  of  iron)  by 
recrjiitallization  tlian  is  aluminium  sulpliate,  and  the  alums  are 
therefore  used  instead  of  the  latter  in  medicine,  in  dyeing  dclicatei 
shades,  and  to  replace  cream  of  tartar  in  baking  powder  (p.  463). ' 
Id  the  last  case,  the  reaction 

KjSO.,AIj(SO,),,24H,0  +  ONaHCO,  —  K>S04  +  3Na^0«        I 
+  2A1(0H),  +  6C0,  +  24H,0  ^ 

liberates  c«rbon  dioxide  by  hydrolysis  of  the  aluminium  carbonate^ 

tlytlrolysia  of  Aluminium  Carlntnale.  —  The  foregoing 
action,  ami  others  discussed  above  (p.  i)07),  show  that  the  carbon* 
ate  ia  completely  hydrolyzed:  J 

Al,(COi)i  +  6HjO  f=i  2AI(0H),  [  +  3H,C0,  -*  3H,0  +  3C0,  T . 

It  will  be  seen  that  this  may  be  due  only  m  part  to  the  feebly  itasio 
qualities  of  the  hydroxide.  If  the  hydroxide  wore  not  precipitated, 
it  would  rjiuse  some  reversal  of  the  action,  and  some  of  the  car* 
bonat^t  would  remain.  The  insolulMlity  of  one  product  explains 
also  other  cases  of  the  complete  hydroljTsis  of  salts  {e.g.,  ammonium 
,    silicate  p.  429  and  next  section).  | 

Ahiminium  Siilphidr  Al^.  — This  salt  is  most  easily 
obtained  by  mixing  pyrite  with  aluminium  powder  and  igiuting 
wiUi  magnesium  ribbon  (p.  .Wfi): 

3Fe3,  +  4Al-*2AlA  +  3Fe.  J 
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It  forms  a  grayisb-black  solid,  aud  \x  dccompuMMi  by  water, 
magnmum  sulphide,  giving  the  hydroxide  and  hydrogen  sulphide. 
On  this  account,  the  sulphide,  like  tnagnoiium  sulphidu  (p.  538), 
cannot  be  formed  by  precipitation  in  pnnencv  of  water.  TbtiSt 
ammonium  sulphide  with  a  Halt  of  aluminium,  in  solution,  gives  ft 
precipitate  of  aluminium  hydroxide: 

A1,(S0*),  +  3(NH*)^  +  6H,0  -*  2AU0H),  1  +  3{NH.)»S0,  +  3H^. 

Coagulation  ^fetbod  of  Purifying  Water:  Sising  Paper. ^ 
When  aluminium  hydroxide  Uf  formed,  it  gives  first  a  colloidal  sus- 
peoaion,  which  coagulates  to  a  gelatinous  precipitate.  When  this 
predpitate  is  produced  in  wator  usod  for  tiomestic  purposes,  and 
containing  fine,  ausix^nded  matter,  the  gelatinous  material  causes 
the  Ene  particles  to  collect  into  Ini^r  ones  which  settle  rapidly, 
and  permits  the  use  of  relatively  small  settliiiR  ponds.  These 
larger  particles  enclofip  also  practically  all  the  bacteria.  If  the 
water  is  slightly  hard,  crutie  aluminium  sulphate,  alone,  is  added: 

3Ca(HC0,)j  +  AU{SO«),  —  SCaSO,  +  2A1(HC0,),,        (1) 
AI(HCO,),  +  3H,0  —  A1(0H),  I  +  3H,CX),.  (2) 

If  the  water  is  very  soft,  a  little  Ume  Ca(OH)j  is  added.  The  few 
remaining  bacteria  are  destroyed  by  later  addition  of  bleaching 
powder  or  chlorine-water  (p.  312). 

In  some  localities  crude  ferrous  sulphate,  obtained  tis  a  by- 
product in  cleaning  iron,  is  cheaper,  and  is  employed  instead.  The 
lime  precipitates  ferrous  hydroxide  Fe(OH)|.  This  is  quickly 
oxi<ttzed  to  colloidal  ferric  hydroxide  Fe(OH)j,  which  coagulates 
the  suspended  matter. 

Aluminium  hydroxide  is  employed  also  in  sizing  cheaper  grades 
of  pajiar  (p.  402),  an  operation  required  to  prevent  the  absorption 
and  consequent  spreading  of  the  ink.  For  writing-paper,  gelatine 
solution  is  employed.  In  inakiug  printing-papers,  rosin  K»p 
(made  by  dissolving  rosin  in  caustic  soda)  is  mixed  with  the  paper- 
pulp,  and  aluminium  sulpliute  is  added.  The  rosin  and  aluminium 
hydroxide  are  precipitated  in  the  pulp,  pcrhnptg  in  feeble  comhtna* 
tion,  an<i  pressing  between  hot  rollers  afterwards  melts  the  former 
and  gives  a  surface  to  the  paper. 

Delicate  cloth  goods  are  rendered  waterproof  by  saturating 
them  with  aluminium  acetate  solution  aud  then  steaming  them  to 
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Hproi»ot«  I^ISS^Wb.    The  liluinituura  liydrcuudc  u  thus  prucipU 
tated  ID  the  t^inllariea  of  the  cottou  or  liiiea  and  renders  them 
ibsorbent: 


r 


A](COjCH,),  +  3H,0  T±  Al(OH),  +  3HC0,CH,. 


Kaolin  and  Clay:    Earthentvare  and  Porcmtain.  —  By  the 

action  of  water  luid  carbon  dioxide  upon  granite,  and  other  rocks 
containing  fclBpar  KAlSiiOi,  the  potatth  is  slowly  removed,  andj 
the  compound  is  changed  largely  into  a  hydrat^'^1  orthoailicatflll 
UiAli(SiO()-i,FIiO.  When  pure,  it  formii  kaolin  or  ehiua  clay,  a 
whit«,  crumbly  material.  When  washed  away  and  redeposited,  It 
usually  acquirea  compounds  of  iron,  the  carbonates  of  calcium  and 
magnesium,  and  sand  (silica),  becoming  common  clay.  Ocher, 
umber,  and  aienna  are  clays  colored  with  oxidea  of  iron  and  man- 
Bganeee.    Fuller's  earth  is  a  purer  variety. 

The  plasticity  of  clay,  a  property  connected  with  the  colloidal 
nature  of  the  kaoUn,  enables  it  to  be  fashioned  into  x-arious  shapes. 
When  heated,,  it  shrinks  uiid  becomes  a  hard,  solid,  porous  nias^ 
and  does  not  melt.  These  two  properties  enable  us  to  use  it  in 
making  bricks,  pottery,  and  porcelain.  The  presence  of  calcium 
and  magTiesiuin  compounds  makes  the  cbiy  mor<;  fusiiilc,  lx>cHui<ia 

»it  pcnuitH  the  formuliun  of  fusible  silicates  of  these  metals.  Bricka 
ftnd  tlUnc  for  roofs  and  drains  arc  made  of  common  clay  and,  when 
red,  owe  their  color  to  oxide  of  iron  FcjOj.  Tlie  firing  is  done  with 
fuel  gas  in  ovens  or  kilns  of  brickwork.  To  glitze  drain  pi{x«  and 
sumo  bricks,  salt  is  thrown  into  the  kiln.  The  wutiT  vapor,  at  u 
red  heat,  hydrolyzcs  the  salt,  hydrogen  chloride  is  set  free,  and  the 
sodium  hydroxide  gives  with  the  clay  a  fusible  sodium-aluminium 
silicate  which  fiUit  the  surfiu;c  pores.  Clay  for  &rc  brick  (infusible) 
must  contain  silica,  but  no  lime. 

China  and  parc«Uin  arc  made  from  pure  clay,  free  from  iron, 
to  which  a  little  of  the  more  fusible  felspar  is  added.  After  IheJ 
first  firing,  the  articl«i  arc  porous  (bisque),  and  must  be  covered  1 
with  a  ^ase.  A  paste  of  findy  ground  felspar  and  silica,  some- 
times containing  lead  oxide,  is  spread  on  the  surface,  and  the 
ftrticles  are  fired  again,  at  a  higlicr  temperature.  Colored  decora- 
tJons  are  added  by  means  of  Ruitat)k'  material,  mainly  oxides  of 
metals  which  give  colored  silicates.  Tiie  third  firing  causes  these 
oxides  to  iatvract  and  fuse  with  the  glaze. 
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The  Schwerin  proccaa  for  acparating  ferric  onde  Fe»0» 
clay,  so  that  white  porcelain  may  be  obtained,  is  now  u8e<l  on 
large  scale  and  aJTorda  an  interesting  application  of  the  propertim 
of  colloidal  stupenaions  (p.  417).  ftTien  the  impure  clay  is  su»- 
pcaded  in  water,  the  particles  of  ferric  oxide  are  positively  chained 
and  those  of  the  clay  arc  negative.  By  inserting  plates  connected 
with  the  dynamo  in  the  trough,  the  clay  particles  are  caused  to 
drift  towards  the  positive  plate  and  the  ferric  oxide  towards  the 
other,  so  that,  n'hcn  the  liquid  from  the  positive  end  is  allowed  to 
swtllc,  pure  cliiy  is  obtained. 

In  makuig  bricks,  in  some  cases,  advantage  is  taken  of  the  fa«t 
that  negativi*  colloids,  such  as  chty,  become  more  strongly  negati\'e 
in  presence  of  a  trace  of  free  alkaU.  Thus,  when  a  Irut.v  of  sodium 
hydroxide  i»  added  to  clay  slip,  the  particles  repel  one  another  more 
strongly,  the  cohesion  which  causes  the  plasticity  is  reduced,  and 
the  clay  can  be  poured  into  nioIiU.  This  avoids  diluting  th«  clay 
witii  water,  which  would  only  have  to  be  driven  out  ngaiu,  vrilh 
great  waste  of  heat,  in  the  firing. 


Cement.  —  Cement  is  made  by  heating  limestone  CaCO* 
and  clay  HAlSiO,,  or  a  natural  rock  containing  both  nutcrials 
in  the  right  proportions.  Such  a  rock,  made  into  cenaent  by 
volcanic  hcjit,  wa.s  quarried  by  the  KomanR  near  Naples  and  ebe- 
where,  and  it^  capacity  for  hardening  even  under  water  was  utilised 
by  them.  Bloi^t-fumace  :<lag,  when  pulverized  and  heated  with 
hmosloue,  has  been  found  to  yield  an  ejtpellent  quality  of  cement, 
aud  a  valuable  nae  lias  thus  been  found  for  what  was  formerly  an 
annoying  encumbrance.  The  mixture,  or  pulverised  natural  rock, 
is  U]oisteue<:l  and  fed  slowly  in  at  the  upper  end  of  an  inclined  (6") 
revolving  cyliniler  of  iron  (20  to  415  by  2  meters).  The  motitMt 
continually  turns  over  the  thin  layer,  and  exposes  every  particle 
to  the  heat  of  the  air-blast,  charged  with  pulverized  coal,  burning 
in  the  interior.  The  product  ttlides  out  in  a  continuous  atrcajn  at 
the  lower  end,  and  is  pulverizeil  by  .iteet  balls  in  a  hall  mill. 

Cement  is  held  to  be  a  mixture  of  calcium  silicate  and  cal 
aluminate.    1'he  former  ia  simply  a  filler.    The  hitter  is  hydrolyi 
by  the  water: 


Ca,(AIO,),  +  6H»0  —  3Ca(0H),  +  2H^0^ 
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The  caldura  hydroxide  alowly  crystallizes,  connecting  the  particles 
of  the  calcium  silicate.  The  nliiininium  hydroxide  fills  the  iiiter- 
stioes  tmd  rcuders  the  whole  compact  and  impervioua. 

CffCrvmarln*.  —  Formerly,  pulvcrixed  Japi»  Uuuli,  a  rare 
minenl  of  beautiful  blue  color,  wn.s  used  by  artists  as  a  pigment. 
Gmelin  (1828)  found  a  way  of  making  it  artificially.  A  mixture  of 
kaolin,  sodium  carlK>naUr,  sulphur,  and  charooal  is  heated  until  a 
green  mas*  is  obtained.  This  mass  is  tJien  pulverized  and  heat^nJ 
with  mort-  sulphur.  Hie  prodiii-t  is  used  as  laundry  blueing,  in 
making  blue-tinted  paper,  and  with  oil  in  making  paint.  It  in  abto 
sddeil  in  small  amount  to  correct  the  natural  yellow  tint  of  linen, 
starch,  sugar  (p.  405),  and  paper-stock.  By  varying  the  mode  of 
heating,  without  altering  the  com|X)ntion,  various  colors  from 
green  to  reddish  violet  can  be  obtained.  No  pure  colored  sulv 
stance  can  be  extracted  from  it.  The  variety  of  colors  is  due  to 
different  degrees  of  colloidal  dispersion  of  some  substance  su»> 
pended  in  the  solid,  just  as  gold,  which  is  pale  yellow  in  mass,  gives 
colloidal  suspensions  (p.  416)  of  different  colors  (red,  purple,  or 
blue)  according  to  the  fineness  of  the  particles  {cf.  p.  494). 

Ifyinng.  —  The  problem  of  the  dyer  is  to  confer  the  de-tired 
color  upon  a  fabric  made,  usually,  of  cotton,  linen,  wool,  or  silk, 
and  to  do  this  in  such  a  way 
that  the  dye  is  fast  to  (i.e..  Is 
not  removed  or  destroyed  by) 
rubbbg  and  light,  and  often, 
also,  to  washing  with  soap.  To 
undcrBtand  the  means  by  which 
this  m  achieved,  it  muat  be  noted 
that  cotton  and  linen  consist  of 
emuoth  hollow  fibers  (Pig.  130^) 
of  the  composition  of  cellulose 
(C\Hu^t)i.  Wool  is  miMle  of  hollow  fibers,  with  a  sralo>'  surface 
(B)  and  silk  of  solid  filamonls,  but  thtst;  are  composed  of  prot4-ins 
(p.  422).  Now,  the  protinns  are  much  more  uctjvu  chemically 
than  is  coltulom.-,  and  also,  lut  colloidal  materials,  seem  to  have  a 
much  greater  tendency  to  adMorb  other  substances  than  has  cellu- 
lose.   Hence,  accidental  stains  on  wool  or  silk  are  much  lew  often 
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removable  thAQ  arc  Uicwe  on  cotton,  autl  wbeu  ttimplex  of  thv 
matcriiiU  tux-  ^tipped  ia  &  solution  of  a  d>'e,  the  first  two  ore 
muiii-Dtly  dyvd,  whiJe  from  the  last  moat  dyes  caa  be  coi 
waxbi^d  out  with  water. 
Throt-  modes  of  dyeing  may  be  mcnttonod: 

1.  Insoluble  D7M.  If  the  (tolured  body  can  be  produced 
preeipUation,  nfttT  the  eolulion  htu>  Gllcd  tbc  capiU&ry  and 
of  every  fiber  of  the  goods,  ttwn,  if  the  Ayo  is  sufficiently-  insoluble, 
it  is  mi'chattically  imprisoned  in  every  fiber  and  cannot  be  wushod 
out.  This  plan  may  be  Applied  to  any  kind  of  goodn.  For 
examplc,  if  cotton,  silk,  or  wool  is  Qrst  boiled  in  a  solution  uf  Ic 
acetate,  and  is  then  soaked  in  a  boiling  solution  of  pot!u»i 
chromato,  it  is  dyed  a  briUiant,  permaneot  yelluw.  I>ead 
mate  il  the  colored  body: 

Pb(CO,CH,),  +  K,CrO«t*2K(CO,CH,)  +  PbC?0.i. 

The  part  preoipitntcd  on  the  outade  of  the  goods  can  be,  and  is, 
at  onco  wa»hcd  off  by  rubbing  in  water,  but  the  particW  inade  the 
fibers  can  come  out  only  by  being  dissolved,  and  they  are  insoluble 
in  water.  Indl(o  Ci«H]nNgOi,  which  is  used  in  larger  amounts  than 
any  other  dye,  beluiigs  to  this  class.  Obtaiuvd  in  early  tinKs  from 
eeveral  plants  in  Europe  and  Eg\'pt,  where  it  was  known  as  wood, 
and  more  recently  importcti  from  India,  where  the  cultivation  of 
the  indigo  plant  was  as  important  an  industry  as  is  the  growing 
of  cotton  ill  the  Houthern  States,  it  is  now  almost  all  made 
artificially.  Synthetic  indigo  is  manufactured,  with  naphthalene 
CioHg  (p.  411),  obtained  from  gas  tar  and  the  tar  from  by-product 
coke  ovens,  aa  the  initial  eubstance.  The  cloth  is  saturated  with 
an  alkaline  solution  of  indigo  white  Ci»HnN,0»,  a  soluble,  slightly 
acid  substance,  and  the  oxygen  of  the  air  8ul»!equently  oxidizee 
this  and  deposits  the  insoluble  indigo  blue  within  the  fibers: 
2C,.H„NA  +  Oa  —  2CiiH,aNA  I  +  2H,0. 

Indanthrene  blue  is  applied  in  the  some  way  as  indigo,  and  b  even, 
leas  aflected  by  light. 

2.  Hordant  or  Adlcctin  DyM.  Since  cotton  is  inactive  chemi-^ 
cally  and,  although  a  colloid,  has  but  a  slight  tendency  to  adsorb 
dyes,  it  is  usually  necessary  first  to  introduce  into  the  fibers  of 
cotton  some  colloidal  substance  with  gre-ater  adsorptive  powers. 
Substances  of  this  kind  ore  tannic  add  for  basic  dyee,  and  gela' 
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noua  colloidal  hydroxides,  such  a«  those  of  aliuninium,  tin,  iron  and 
chromium,  for  non-basic  (including  acid)  dye§.  'ITiey  arc  caillcd 
mordftnu  (Lat.  mcrdere,  to  bite).  ThuA,  if  in  three  jare  we  place 
A'ery  dilute  solutions  of  aluminium  sulphate,  iemc  chloride  FcCI« 
and  chromouR  acetate  Cr(('()3(^Hi)i,  then  add  a  few  drops  of  a 
solution  of  a  dye  to  each,  and  finally  introduce  a  little  of  a  base 
(like  sodium  hydroxide)  to  precipitate  the  hydroxide  of  the  metal, 
this  hydroxide  will  adsorb  the  dye  and  carry  it  into  the  precipitate. 
Such  a  precipitate  of  mordant  and  dye  b  colled  a  lak«.  With  tha 
same  dye,  the  three  lakes  have  di^erent  colors.  Thus,  in  the  above- 
mentioned  experiment,  if  alisariu  (madder)  is  used  as  the  dye,  the 
colors  are  red  (Turkey  red),  violet,  and  maroon,  respectively. 
This,  of  course,  is  due  to  the  different  degrees  of  iliapersion  in  tha 
three  colloidal  materials.  If  aluminium  hydroxide  is  to  be  used, 
by  first  saturating  the  cloth  with  hot  aluminium  acetate  solution 
(p.  560),  or  by  using  first  itluininium  sulphate  and  then  ammonium 
h>-(troxi(lL',  the  aluiiuniuiu  hydroxiik  la  precipitated  within  tha 
fibers  of  the  goods.  When  the  material  i^  then  dyod,  the  coloring 
matter  is  adsorbed  by  the  mordant,  with  which  it  forms  an  in- 
Bolublo  litke,  within  the  fibers.  Bfi«ic  dyes,  like  Malachite  green 
and  Methylene  blue,  behave  similarly  with  tannic  acid,  or  an 
insoluble  salt  of  tannic  acid,  as  monlunt.  It  wtU  be  seen  that,  so 
far  us  the  fabric  is  concerned,  this  process,  like  the  first,  is  a  mechan- 
ical one,  and  is  iiideiK^ndeut  of  the  chemical  nature  uf  the  goods. 

3.  Diraot  or  Subitantivv  Dyw.  Most  organic  dyes  are  direct 
dyes  oil  silk  or  wool,  and  retguire  no  mordant  with  these  materials. 
Tlie  actions  seem  to  be  sometimes  chemical,  but  mure  often  cases 
of  adsorption  by  the  silk  or  wool  (both  eoUoids)  themselves.  A 
few  dyes  are  also  fast  on  eolton.  Cougo-rcd  NajCjsIInNeSjO*  is 
fast  both  on  cotton  and  wool,  but  is  no  longer  much  used. 
Chrysophouiii  is  now  one  of  the  commonest  dyes  of  this  clas:^ 
These  dyes,  which  arc  sodium  salts  of  complex  organic  acids,  are 
colloids  like  soap  (p.  417),  and  arc  salted  out  within  the  fibers  of 
the  goods  by  adding  sodium  sulphate  to  coagulate  them  and  assist 
the  adsorption  by  the  cotton.  Once  adsorbed  in  this  way,  unlike 
soap,  they  cannot  be  washed  out. 


Analytical  R^actioftM  of  Aluminium  Compounds.  —  The 

alkalies,  and  alkaline  solutions  like  that  of  aimuonium  sulphide. 


SM 


COLLBOE  CHEUI8TRT 


■ 


precipitate  the  white  hydroxide.  The  product  is  soluble  in  exceea 
of  the  active  alkalies.  Hohible  carbonates  also  throw  down  the 
hydroxide.  Ahmuiituni  compounds,  when  heated  stron^y  in  the 
flame  with  cobalt  salto,  give  a  blue  aliuninate  of  cobalt  Co(AIOt)» 

Exerciaea, —  1.   What  are   the  differences  between  zinc  and 
aluminium,  and  their  corresponding  compounds? 

2.  ('onstruct  equations  showing,  (a)  the  hydrolysis  of  aluminiu 
sulphate  (p.  558),  (b)  the  interaction  of  aluminium  sulphate  and 
cobalt  nitrate  in  the  Hiinaen  flame. 

3.  Formulate  the  ionization  of  aluminium  hydroxide  (pp.  557j 
531). 

4.  Why  does  zinc  hydroxide,  in  spite  of  Its  feeblene^  as  a 
dissolve  in  ammonium  hydroxide,  while  aluminium  hydroxide  i 
not? 


CHAPTER  XLI 

OBRMANIUM,    TIN,   LEAD 

The  metallic  elements  of  the  fifth  column  of  the  periodic  table 
arc  Mrmanlum  (Gc,  at.  wt.  72.5),  tin  (Sn,  at.  wt.  119),  and  latA 
iPb,  ill.  wt.  207.2).  Th«!C  arc  on  the  right  side,  while  titanium 
(Ti,  at.  wt.  48.1),  riroonlum  (Zr,  at.  wt.  90.6),  cwium  (Ce,  at.  wt. 
140.25),  and  thoriuni  {Th,  ut.  wt.  232.4)  occupy  the  left  aide. 

The  Chtrmicot  HeUxtionn  of  the  Family.  —  All  of  tJiew.'  ele- 
ments shuw  &  niiixiiiiuiu  vidfiic'c  uf  four.  Genuanium,  tin,  and 
lead  are  al30  bivalent.  In  this  rcspL-rt  they  resemble  carbon  and 
difTer  from  silicon,  which  is  more  clu»i^ly  allied  to  the  elements  on 
the  left  side  of  the  column.  The  oxidon  and  liyilroxldes  in  whii^h 
the«c  three  elements  are  bivalent  Ix^come  more  btxnic,  and  the 
clcmeuts  IheniftelvcA  more  metallic  in  chemical  rclatious,  with 
increase  in  atomic  weight.  In  tliis  tbey  rt^eiiible  the  potassium, 
calcium,  and  gallium  familiefl.  Curiou-sly  enou^,  the  same  three 
hydroxidojj  are  also  acidic.  Thpy  nn^  more  strongly  acidic  than 
is  tine  hydroxide,  for  the  salts  they  form  by  interaction  with  bnnaa 
are  less  hydrolyzed  than  are  the  zincates.  This  acidic  character 
likewiae  increases  in  the  order  m  which  the  elemejita  are  named 
above. 

Gekmaniuu 

a«nnanlam  (p.  301)  forms  two  oxides  GeO  and  GoO,  cornsspond- 
inc;  to  those  of  carbon  and  of  tin.  Osrmaiiloua  oild*  is  not  very 
definitely  basic  or  acidic,  and  the  sulphide  is  the  only  other  n-ell- 
defined  eompomid  of  this  set.  Ocmunlo  oilda  and  hydroxide  an) 
acidic  entirely.  The  reaeniblance  lo  carbon  is  shown  in  the  for- 
mation of  an  unstable  compound  with  hydrogen,  of  gmnaalam 
ehlorofonn  GeHCli  uud  of  a  volatile  ohlorid*  GcCl*  (b.-p.  87°). 

Tw 

The  Cbemieal  Relationa  of  the  Etrment.  —  Tin  is  both  biva- 
lent and  quadrivalent.    Each  of  the  oxides  and  hydroxides  SnO 
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and  Sn(OH)i,  SnOi  and  SnO(OH)i  (or  SoCOH),),  ia  both  basic  and 
acidic,  80  that  there  are  really  four  series  of  compounda.  St 
stannous  hydroxide  is  mainly  a  base,  of  a  feeble  sort,  while  stannic 
hydroxide  is  mainly  an  acid.  Thus  we  have  stannous  chloride, 
sulphate,  and  nitrate,  which  are  stable,  although  they  are  all  more 
or  less  hydrolyznd  by  water,  and  sodium  stannite  Nai.SnOt  which 
is  unstable.  On  the  other  hand,  stannic  nitrate,  sulphate,  and 
chloride  are  completely  bydrolyaed  by  water,  while  sodium  stan- 
nate  Na^SnOj  is  comparatively  stable.  The  dioxide  SnOj  is  an 
infusible  solid,  resembling  xilicon  dioxide.  Tin  has  a  tcndenc 
to  give  complex  acids  and  salU,  Uke  H3S0CU,  (NH4)r£iiCle,  bti 
these  are  ionized  also  to  a  small  extent  after  ihe  nuuiDer  of  double 
salts,  giving  ions  of  Sn''"'"*^.  Tin  forms  no  salts  with  weak  acids, 
like  carbonic  acid. 
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Occitrrmce  and  ExtractUut.  —  Tin  has  long  IxKru  in  use, 
tpecimeiis  of  it  being  found  lit  Egj'ptian  tombs.  Thi-  chief  ore  of 
tin  is  tinstone,  or  cassitcritc  SnOt,  which  forms  square-prismatic 
crystals  whose  dark  color  is  du«  to  the  presence  of  iron  compounds. 
The  ore  is  roughly  pulveriKcd  and  washed,  to  remove  granite  or 
slate  with  which  it  is  mixed,  ami  is  then  roasted,  to  oxidiw  the 
sulphides  of  iron  and  copjwr,  and  drive  off  the  arsenic  which  it 
contains.  After  renewed  washing  to  eliminate  sulphate  of  copper 
and  oxide  of  iron,  it  is  reduced  with  coal  in  a  reverberatory  furnace. 
Thfi  tin  is  afterwards  renielted  at  a  gentle  heat,  and  the  pure  metal 
flows  away  from  compounds  of  iron  and  arsenic.  The  metal  is 
produced  mainly  in  Banca  and  other  parts  of  the  paai  Indies, 
Bolivia,  and  in  Cornwall. 
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Phyaical  and  Chemical  Properties.  —  Tin  is  a  silver-white, 
crystalline  metal  of  low  tenacity  but  groat  malleability  (tin-foil). 
lU  specific  (p-avity  is  7.3,  and  its  melting-point  about  232*. 

Tin  b  dimorphous  (p.  206),  In  1851,  the  tin  pipes  of  an  organ 
were  found  to  have  turned  largely  into  a  gray  powder.  In  186&a 
shipment  of  blocks  of  tin  stored  in  the  custom  house  in  Petrograd 
was  found  to  have  changed  in  the  same  way.  Objects  of  tin  in 
museums  frequently  show  spots  indicating  the  presence  of  tl 
"tin  pest,"  as  it  was  called.  It  now  appears  that  white,  m« 
tin  is  stable  only  above  18°,  and  that  below  thb  temperature  il : 
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unstable  and  is  liable  to  change  into  gray  tin.  This  tranntion 
point  18  sunilar  to  that  of  sulphur  at  96^  (p.  265).  By  immersing 
the  tin  in  a  solution  of  pink-salt  (see  below),  the  change  is  hastened. 
When  the  two  kinds  of  tin  are  used  aa  the  poles  of  a  cell,  and  are 
surrounded  by  pink-salt  solution,  no  difference  in  potential  is 
observed  at  IS".  But  below  18°,  white  tin,  being  unstable,  is 
more  active  and  becomes  neRalive  (giving  positive  ions),  while 
above  18°,  gray  tin  becomes  neRative. 

Tiu-plate  is  rniidc  b\-  dipping  carefully  cleaned  sheets  of  mild 
steel  into  molten  tin.  Vowels  of  copper  are  also  coated,  internally, 
with  tin,  Uj  prevent  the  formation  of  tlie  basic  carbonate  (p.  503). 
For  this  purpose  they  are  cleaned  with  ammonium  chIori<)(!, 
sprinkled  with  rosin  (to  re<luce  the  oxide),  and  heated  to  2.10°. 
Molten  tin  is  then  spread  on  the  surface  with  a  piece  of  tow. 
Alloys  of  tin,  such  as  bronze  (p.  503),  soft  solder  (.50  per  cent  lead), 
pewter  (2.'>  per  cent  lead),  and  britannia  metal  (10  per  cent  anti- 
mony  and  §ome  copper),  arc  much  used  in  the  arts.  On  account 
of  the  action  of  soft  water  containing  dissolved  oxygen  on  lead 
(see  p.  574),  tin  pipes  are  preferred  for  distributing  distilled  water 
and  for  beer  pumps. 

Much  tin  is  now  recovered  by  treating  old  "tin  cans"  and  scrap 
tin-plate  with  dry  chlorine.  The  dried  gas  convert*  the  tin  into 
stannic  chloride  SnCU,  which  is  used  to  make  mordants,  but  hardly 
attacks  the  iron  fp.  160).     The  process  is  called  dctinning. 

Tin,  although  it  displaces  hydrogen  from  t^lute  acids,  is  not 
tarnished  by  moist  air.  With  warm  hydrochloric  acid  it  gives 
stannous  chloride  SnCl,  and  hydrogen.  Hot,  cODOOntrated  sul- ■ 
phuric  acid  forms  stannous  sulphate  SnSO*  and  sulphur  dioxide-^ 
{(^.  p.  276).  Nitric  acid,  when  cold  and  dilute,  interacts  with  it, 
gjviug  stannous  nitrate  Sn(NO))j,  and  a  portion  of  the  nitric  arid 
is  reduced  to  ammonia  ((/.  p.  3M).  With  concentrated  nitric 
add,  stannic  nitrate  is  formed,  hut  most  of  this  salt  is  hydrolyied 
by  the  water  at  the  high  temperature  of  the  action  i<^.  p.  535), 
and  metastannio  acid  (HtSRCl^)^  (^tannic  acid)  remains.  Th« 
final  result  is  shown  by  the  equation  (simpliiied) : 

Sn  -1-  4HN0,  -*  HSaCh  +  4N0,  +  H,0. 

Tin  also  displaces  hydrogen  from  caustic  alkalies,  giving  a  meta- 
atannate,  such  aa  sodium  metastannate  Na^nO». 
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Chlorides  of  Tin.  —  Stumcnu  ohlorid*  SnCli,2HiO  is  made  by 
the  intcruclioQ  of  tin  mud  bydroeliloHc  ucid.  When  the  ci^rstala 
urc  htMitcd,  or  wben  a  stroug  uquc-ous  Holutiuu  is  dUuted,  the  salt  ta 
piirtiiilly  hydrulyKod.  In  th«  Inttvr  case  tlic  basic  chloride 
Sn(OH)Cl  is  dopositod.  By  presence  of  t-xcvss  of  hydrochloric 
lu-id,  the  hydrolysis  \»  prevented.  The  ^luttou  is  used  as  a  mor- 
dunt  (p.  565). 

Stiinnous  cidoridc  tends  to  pass  into  stannic  chloride  SnCU,  aad 
is  therefore  an  active  reducing  agi>nt.  Tims,  it  reduces  the 
fhluridi-iK  of  mercury  (p.  534)  and  of  the  noUe  inetuls,  liberating 
tho  free  metals.  The  action  is  of  the  form  Ug^  +  Sn^*^  — •  Bg 
+  Sii^"*"**.  It  also  reduces  free  (fxyff:n,  or,  what  is  the  same  thin^ 
is  oxidi/.i^d  by  tlie  air.  In  thiR  cju«e,  ^tannic  chloridr;  i.s  formed  io 
the  ncid  solution  and  the  liquid  reniaiiin  clear;  in  the  iieutml 
solution  a  precipitate  of  the  basic  chloride  id  formed  aA  well: 

6SnClj  +  2H,0  +  On  ^  4Sn(0H)a  +  2SnCU. 

Powdered  tin,  if  placed  with  the  acid  solution,  will  undo  the  eJTocts 
of  this  action  by  reducing  the  stannic  salt  to  (he  stannous  condition. 
When  chlorine  acts  upon  tiii,  or  upon  stannous  chloride  (either 
solid  or  dissolved),  stannic cblorld*  SnCU  is  formed.  The  com* 
pound  is  a  colorless  liquid  (b.-p.  1 14°)  which  fumes  very  strongly 
in  moist  air,  giving  hydrochloric  add  and  stannic  add.  It  is 
almost  eoiiipletelj-  iiy<lrolyzed  by  water.  The  stannic  acid  which 
is  formed  is  not  precipitated,  howcvor,  but  remains  in  colloida] 
suspension : 

SnCU  +  4H,0  j=i4HCI  +  Sn(0H)4. 

The  chloride,  with  small  amounts  of  water,  gives  hydrates,  of 
which  SnC'UpSHjO,  "oxyrauritiU^  of  tin,"  is  used  as  a  mordanL 
Double  (or  perhaps  complex)  cuilts,  such  as  ammonium-stannic 
chloride  or  "pink-salt"  (NH4)iSaCl«  (used  as  a  mordant  on  cot- 
ton), arc  readily  formed. 

Stannic  bronitda  SnBr^  (b.-p.  201°)  resembles  stannic  chloride.  J 


O-Stanruc  Add  and  it»  Saltg.  —  When  a  solution  of  staoaic 
chloride  is  treated  with  ammonium  hydroxide,  a  white,  gelatinous 
precipitate  of  cfstannic  acid  is  formed: 

SnCU  +  4NH40H  -*  4NH4a  +  P,SnO,  +  HiO. 
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[h9  precipitate  loses  wnter  griuluully  until  tliv  dioxide  remains, 
|Heither  Sn(OH)i  nor  SuO(OH)]  is  obtniiiablc  sx  s  definite 
UpoiiniJ.     When  stminic  oxide  i>i  fu»ird  with  caustic  »odu,  lodium 
motacUniiAto,  or  a-stuinat«  Nit^SnOi.SHjO.  m  formed: 

SnO,  +  2NaOH  -*  Na»SnO,  +  HA 

This  compound  ie  used  as  a  mordant  under  the  name  of  "pre- 
paring salt."  When  its  solution  is  acidified,  (t-6tannic  arid,  the 
actual  mordant,  i»  formed  by  double  decompoRition.  This  o- 
stannic  acid  iutcracts  readily  with  acida  and  alkaliee,  and  the 
chloride  obtained  from  it  ia  identical  with  stannic  chloride  do- 
Bcril>cd  uIhjvc. 

Flannelette  and  other  cotton  goods  arc  rendered  non-inflam- 
mable by  saturation  firet  with  sodium  o-stannate  solution  and  then, 
after  drying,  with  ammonium  sulphate.  The  acid  is  too  feeble  to 
form  an  ammonium  salt; 

NBjSnO,  +  (XH4),S0*  -.  Na^SO*  +  SnOCOH).  -|-  2NHi. 

The  sodium  sulphate  is  washed  out  and  the  goofia,  after  being 
dried,  contain  stannic  oxide.  The  latter  cannot  afterwards  lie 
removed  by  washing,  and  the  material  is  permanently  fireproof. 
Silk  is  also  loaded  with  stannic  oxide,  the  amount  used  varying 
from  25  to  300  per  cent  or  more. 

The  o-stannutcs  of  the  mctnls,  aside  from  those  of  potassium  and 
sodium,  like  the  silicates  and  carbonates  which  they  much  resemble, 
are  all  insoluble  in  water,  and  may  be  made  by  double  decompo- 
sition. 

^Stannir  Arid,  or  Mfitantanntc  Arid.  —  The  product  of  the 
action  of  uilric  acid  upon  tin  (p.  569}  is  a  hydratcd  .-ulaimic  oxidtt^ 
like  the  foregoing  subsuinee,  but  is  not  identioAl  with  it.  It  is  not' 
easily  acted  upon  by  alkalies.  By  boiling  it  with  caustic  mda, 
however,  and  then  extracting  with  pure  water,  a  soluble  lodium 
P-ttanaat*  Na^niOn  is  obtained.  )3-stannic  acicl  is  also  very 
slowly  attacked  by  acids,  and  the  chloride  secured  from  it  is  not 
identical  wiUi  the  ordinary  chloride.  For  these  reasons  it  is  sup- 
posed to  be  a  hydrate  of  a  polymer  of  stannic  oxide  (SnOt)»>> 
iHgO.  When  fmed  with  caustic  soda,  it  gives  the  same  or-otannat^ 
t»  does  the  dioxide  itself. 
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The  Oxides  oj  Tin.  —  When  stannous  oxalate  b  heated 
absence  of  air,  stsimoui  ozlde  SnO  rcnuuns:  SnC,0(— ^nO+COi 
+  CO.  It  is  a  black,  powder  which  bums  in  the  air,  giving  the 
dioxide.  The  corresponding  hrdroxlde  Sn!.0(OH)j  is  formed  by 
adding  sodium  carbonate  to  staimous  chloride  solution.  It  is  a 
while  powder,  easily  dchytlriitecl,  1ft)d  intcjact*  witli  alkali*«  to 
give  soluble  stunnttos,  such  as  NofSnO}.  With  acids,  tbe  hyi 
ide  gives  stannous  salts. 

Scaonio  oxlda  SnOj  is  found  in  nature  (p.  568),  and  may  be 
in  purir  form  by  ignilinK  3-»taiinic  acid.     When  heated,  it  becomes 
yellow,  but  recovers  its  whitniess  wh«u  cooled  (i^.  Zinc  oxide,  p. 
528).     Prepared  at  a  low  temperature,  it  interacts  eanly  with 
acid»,  but  after  strong  ignition,  is  affected  by  them  very  slowly. 
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The  Sulphides  of  Tin.  —  8tatuiou<  lulphlde  SiiS  is  obtained  as 
a  dark-brown  pi-ec^ipitate  when  hydrogen  sulphide  is  led  into  &j 
solution  of  a  stannous  salt. 

Stannic  aulpbide  SnS-  i^i  formed  likewise  by  precipitation,  and  ial 
yellow  in  color.  Stannic  sulphide  loses  sulphur  when  stron|^y 
heated,  and  leaver  stannous  sulphide.  It  is  not  much  affected  ty 
dilute  acids,  but  interacts  with  solutions  of  ammonium  sulphide 
(or  sodium  sulphidol,  giving  a  soluble  complM  solphids,  namely, 
ammonium  sulphoatannats: 

SnS,  +  (NH4),S  —  (NH4)i.SQS,. 


1 
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The  eorrespon'liti^  lodium  lulphoitannat*  is  easily  ■ 

the  form  NttafinSj.SHjO.     Siiiniioiia  sulphide  is  not 

soluble  sulphides,  but  polysulpbides,  such  as  yellow  ammonium 

sulphide,  give  with  it  the  abovxvmontioncd  sulphostauiiatcs: 

SnS  +  (NH4),S,  —  (NH4),.SnSi. 


With  acids  the  sulphostannatcs  tmdcrgo  double  decomposition,' 
but  the  free  acid  Il3.Sn^t  thus  produced  is  unstable  and  breaks  up, 
giving  off  hydrogen  sulphide,  and  depositing  stannic  sulphide. 


Analytical   Reaction*   oj   Salts   of   Tin.  —  The   two   lomc 
forms  of  tin,  Sn*~*-  and  Sn^"^"*^,  arc  botli  colorless.     Tlicir  behavior  J 
ie  different.     They  give  a  brown  and  a  yellow  sulphide,  respco] 
tively,  with  hydrogen  sulphide.    These  sulphides  interact 
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yellow  aminonium  sulphide  (above).  The  reducing  power  of 
etAiiiiou»-ioii  Sn*+  is  very  chiirapteristic  (p.  570).  The  oxides  are 
reduced  by  charcoal  in  the  reducing  part  of  the  Bunsen  flame  and 
the  metal  is  liberated. 

^1  Lead  1 

^f     The  Chemical  Relatlomi  of  the  Element, —  Lead  is  botld 
Hfcivalcnt  and  quadrivalent.     The  oxides  PbO  and  PbOg,  and  th«^ 
HflDrre»ponding  bydrated  oxides,  are  all  both  basic  and  acidic.     L«ud 
monoxidci  is  a  fairly  active  base,  comparable  with  cupric  oxide,  but 
lead  dioxide  is  a  feeble  one.     Both  are  feebly  acidic.    The  salt^  of 
■plnvalent  lead,  like  Pb(NOg)it  commonly  called  the  plumbic  salts, 
are  somewhat  hydrolyzed  b}'  water,  but  less  so  than  arc  those  of 
tin.     The  tetrachloride  and  other  saltA  of  quadrivalent  lead  arc 
completely  hydrolyzcd.     The  plumbites  Naj.PbO)  and  plunihatcs 
Kat.PbOa,  like  the  stannites  and  atannatex,  arc  hydrolyeed  to  a, 
considerable  extent.     All  the  compounds  in  which  lead  is  quadJ 
rivaleitt  give  up  half  of  the  negative  radical  readily,  and  an?  n*- 
duecd  to  the  "plumbic"  condition.     Tlie  metal  displaces  hydrogen 
with  difficulty,  and  is  easily  displaced  by  tine.    I^cad  compounds 
are  all  poisonoua,  and  the  effucts  of  rei>eatcd,  very  minute  doses 
are  cumulative,  —  re-sulting  in  "  lead  colic."     For  this  reason,  the 
manufacture  of  white  lead  is  forbidden  by  law  in  France,  and  is 
subject  to  strict  regulation  in  other  countries. 

Occurrence  and  Metallurgy.  —  Commercial  lead  is  almost  all 
obtained  from  galena  PbS,  which  crystallizes  in  cubes,  and  is  found 
in  the  United  States  (one-third  of  the  world's  supply),  Spain,  and 
tifexico.  This  ore  often  contains  considerable  amounts'  of  silver 
sulphide  A^  (</.  p.  513). 

The  sulphide  of  lead  is  first  roasted  until  a  sufficient  proportJoilJ 
of  it  has  been  converted  into  the  oxide  and  sulphate.     The  fumftce-1 
doors  arc  then  closod,  and  the  temperature  raised  in  order  that 
tliese  products  may  interact  with  the  unchanged  port  of  th« 
sulphide:  p^^  +  2PbO  —  3Pb  +  SO,,  , 

PbS  +  PbSO<  -•  2Pb  +  2S0^  ^ 

Another  plan  consists  in  heating  galcnite  with  scrap  iron  or  iron 
ores  and  coal:  PbS  +  Fc -.  Pb  +  F«S.  The  molten  ferrous 
sulphide  risM  to  the  top  as  a  matt«. 
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Lead  is  refined  electrolj'tically  by  the  Betto  proeess.  Heavy 
plates  of  the  crude  load  form  tbe  anodes,  tbtn  sheets  of  pure  lead 
the  cathodes,  and  a  solution  of  lead  fluoeilicate  PbSiF*  the  cell 
liquid.  The  operation  is  similar  to  that  for  refining  copper  (p. 
Sll).    SOver,  gold  and  Insmutb  are  left  as  a  sludge. 

Physicut  and  Chemtcat  Propvriins.  —  Metallic  lead  is  gray 
in  color,  very  .'*oft,  wild  of  siiijill  It-iiKiie  strength.  Its  spcciSc 
gravity  is  Il.t,  and  its  mdting-poinl  S27A''.  While  wunii,  it  us 
formed  by  hydraulic  pressure  into  pipes  which  are  used  in  plumbing 
and  for  covering  electric  cables.  On  account  of  it«  verj-  slow  inter* 
action  with  most  subRtances,  sheet  lead  is  uatHi  in  chemical  fac- 
tories, for  example,  to  line  sulphuric-acid  chambers.  An  alloy 
containing  0.5  per  cent  of  arsenic  is  used  in  making  small  shot  and 
shrapnel  bullets.  T>-p€!-metal  contains  20-25  per  cent  of  antimony 
and  expands  on  soIidifyinR,  giving  a  perfect  reproduction  of  the 
mold-  In  both  cases  greater  hardness  is  secured  by  the  addition 
of  the  foreign  metal.  Solder  contains  50  per  cent  of  tin  and,  being 
a  solution,  melts  at  a  low  temperature. 

Lead  oxidize*)  very  superficially  in  the  air.  The  suboxide  PbiO 
is  Euppofied  to  be  first  formed.  The  final  covering  ie  a  basic  car^ 
bonate.  Contact  with  hiird  waters  cunfcrs  upon  lead  u  similar 
coating  composed  of  the  carbounlc  and  the  sulphate.  Tbvse  do- 
ponts,  being  ini^olublc  and  stronitly  "Mlhercnt,  enclose  the  mctjtl 
and  protect  the  water  from  coiitamiualion  with  lead  coDipuunds. 
Pure  raiiwwatcr,  however,  since  it  has  no  hardness,  and  contains 
oxygen  in  solution,  ^ves  the  hydroxide  Pb(OH),,  which  is  notictv 
ably  soluble.  Hence  lead  pii>e3  cjin  safely  l>e  used  oidy  with 
somewhat  hard  water.  When  heated  in  the  air,  lead  gives  the 
monoxide  PbO  or  minium  Pb,0<,  the  latter  at  lower  tempe-ratures. 

The  metal  displaces  hydrogen  from  hydrochloric  acid  slowly. 
It  is  hanlly  affected  by  cold  concentrated  sulphuric  acid  (<f.  p.  284). 
Nitric  acid  attacks  it  readily,  giving  lead  nitrate  and  oxides  of 
nitrogen  (p.  354). 

Chlorideg  and  Iodide.  —  Plumbic  chloride  PbCli  ia  precipi- 
tated when  a  soluble  chloride  is  added  to  a  solution  of  a  lead  salt. 
It  is  slightly  soluble  in  water  (1.5  :  100)  at  18°,  and  much  more  so 
at  100". 
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Lwd  totTMiilorid*  PbCU  is  a  solid  at  — 15',  nnd  [ones  chlorine  at 
the  ordinnry  tcmiierature.  It  is  made  by  passing  chlorine  into 
plumbic  chloride  suHpended  in  hydrochloric  acid.  The  solution 
contains  UiPbC'U-  Ammonium  chloride  is  added  and  ammoniiun 
chloroplumbate  (NIl4)tPbCl(i  crystallizes  out.  When  this  is 
thrown  into  cold,  conceatrated  sulphuric  acid,  an  oil,  PbClj, 
settlee  to  the  bottom.  The  oil  fumes  in  the  air,  and  closely  re- 
sembles stannic  chloride  SnCli.  With  little  water,  it  islowly  dc- 
points  PbCI]  and  gives  ofT  chlorine.  With  nmcb  water  it  hi  quickly 
hydrolyaed,  and  lead  dioxide  is  thrown  down: 

Pba  +  2H,0  -  PbO,  +  4Ha. 

The  yellow  Uad  lodld*  Pblj  \s  formed  by  precipitation.  It  cryt- 
talliKitt  in  yellow  st-ales  from  solution  iu  hot  water. 

Oxides  and  Uydroxidea.  —  Tliere  are  five  different  oxides  of 
lead,  Pbrf),  PbO,  Pb,0*,  PbiO,,  and  PbO,.  The  «iboxld*  Pb,0  is  a 
dark-gray  powder,  formed  by  gently  heating  the  oxalate.  Pltimble 
oxld*,  or  lead  inonoxtdc  PbO,  is  made  by  eupcUation  (p.  51^)  of 
lead,  and  the  solidilied,  cr>'»tulline  mass  of  ycllowi«h-n>d  color  is 
sold  as  Uthart:«.  ^VIl  the  other  oxides  yield  this  one  when  they 
are  he^tod  hIx>vc  600°  in  the  air.  Plumbic  oxide  takejt  up  carbon 
dioxide  from  the  uir,  and  tlien-forc  usually  contaiiLS  a  basic  car- 
bonate. The  oxide  is  used  in  m»king  glu8S  and  e-uiuncls  and  for 
preparing  suits  of  lead.  Mixed  Krith  glycerine,  it  fp\e»  a  ceraciit 
for  gloss  or  sttmo. 

Plumbic  hrdroxJda  Pb(OH)i  is  formed  by  precipitation.  It 
gives  up  water  in  stii(in'-s,  the  sucecssivc  products  bciug  Pb(OH)), 
Pb,0(OH),,  PbiO,(OH),.  Those  substances  are  equivalent  in 
eompoMtion  to  Pb(),H,0,  2PbO,H,0,  and  ."iPbO.HjO  respectively. 
The  h>'droxide  is  ob.'»e^^■ably  soluble  in  water,  and  gives  a  solution 
with  a  faintly  alkaline  reaction.  With  acids  it  forms  salts  of  lead. 
It  interacts  also  with  potassium  and  sodium  hydroxides  to  form 
the  aoluble  plumbltet,  like  sodium  plumbit*  Noj-PbOg. 

i>"«<'"",  or  red  l«ad,  Fl^O(,  give.s  off  oxygen  when  heated: 
2Pb,0,  FS  6P1)0  +  0,. 

On  account  of  unequal  heating  during  manufacture,  eoromereial 
red  lead  is  never  fully  oxidized,  and  always  contains  litharge. 
Conveisel}',  commercial  litharge  usually  contains  a  little  minium. 
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Minium,  when  heiitivl  wil-li  wiiriu,  (Ulut«  lutric  iwicl,  a  dpcom- 
posed,  and  lwivc«  Iwid  dioxide  «8  «n  insoluble  powil«r.  Two- 
thirds  of  the  \vtwl  is  Ixuic  and  one-third  is  ncidic.  Minium  is 
therefore  knd  orthoplumbAte  (sec  below] :  H 

Pbj.PbO,  +  4HN0.  ;=!  2Pb(N0,),  +  H4PbO«.  " 

The  double  decompositiou  as  a  salt  that  it  thus  undergoes  is  fol- 
lowed by  dehydration  of  the  plumbic  acid,  which  is  UDHtsble 
(H4Pb04  -.  PbOi  +  2H,0),  and  the  dioxide  remains.  Rod  Imd 
b  used  in  jflaaA-nrnkinK,  antl,  when  mixed  with  oil,  pves  a  red  point. 
Lead  dloxid*  PbOi  may  he  ohtained  as  described  above  in  the 
form  of  a  brown  powdor.  It  is  usually  made  by  adding  bleaching 
powder  to  an  alkaline  solution  of  plumbic  hydroxide: 

Naj.PbOj  +  Ca(OCl)CI  +  HjO  -*  2NaOn  +  CaCl,  +  PbO,l. 

In  this  action  we  may  regard  the  free  lead  hydroxide,  formed  by 
hydrolysis  of  the  phimbite,  as  hieing  oxidized  by  the  blencliing 
powder.  Lead  dioxide  is  an  active  oxidizing  agent.  It  interacts 
with,  and  sets  fire  to,  a  stream  of  hydrogen  sulphide,  and  it  liber- 
atee  chlorine  from  hydrochloric  acid.  With  acids  it  gives  no 
hydrogen  poroiiidc,  and  is  not  a  peroxide  (peroxidate)  in  the  re- 
stricted Bciise  of  the  term  (p.  223).  Lead  dioxide  interacts  with 
potassium  and  sodium  hydroxides,  giving  soluble  plumbatn.  The 
potassium  stdt  KjPbOi,3HtO  i»  analogous  to  the  metastannate 
Ki8nOi,3H|0  (p.  571).  A  mixture  of  caletum  carbonate  and  lead 
monoxide  absorbs  oxygen  wlien  hcttcd  in  a  stream  of  air,  and  tbe 
yeltowish-red  calcium  orthoplumbate  is  formed: 

4CaC0i  +  2PbO  +  O,  ;=i  2CasPbO,  +  4C0,. 

The  action  is  reversible,  and  is  at  the  baais  of  Kaaaner's  method  of 
manufacturing  oxygen  from  the  air. 

Other  Salts  of  Lead.  ■ —  L«ftd  nitrat«  Pb{NOi)i  may  be  made 
by  treating  lead,  lead  monoxide,  or  IcjmI  carbonate  with  nitric  acid. 
It  forms  white,  anhydrous  octahedra.  The  nitrate  and  acetate 
(see  below)  are  the  salts  of  lead  which,  blcauae  of  their  solubility 
(see  Table),  are  most  commonly  used.  On  account  of  hydrolysis, 
the  solution  of  the  nitrate  is  acid  in  reaction. 

Load  carbooate  PbCOi  is  found  in  nature.  It  may  be  formed  as 
a  precipitate  by  adding  sodium  bicarbonate  to  lead  nitrate  solution. 
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With  iioriiuil  sodium  carbonate,  a  bn^c  carbonate  Pbi(OH)i(COa)t 
is  deposited.     TiiiH  basic  salt  is  identical  with  whlt«  lead,  which  on 

■  ftccount  of  its  aiiperiw  opacity,  has  better  covering  power  than 
line-white  (p.  528)  or  permanent  white  (p.  496).  The  Rubstanoe 
is  manufactured  in  various  wa>'s,  all  of  which  involve  the  oxidation 
of  the  lead  by  the  air,  the  formation  of  a  basic  acetate  by  the  inter- 
action of  vinegar  or  acetic  acid  with  the  oxide,  and  the  subsequent 
sition  of  the  salt  by  carbon  dioxide.  The  best  quality  is 
by  the  Dutch  method.  In  this,  gratings  of  cast  lead 
("buckles")  are  placed  above  a  shallow  layer  of  vinegar  in  small 
pota.  These  pots  are  buried  in  manure,  which  by  its  decomposition 
furnishes  the  carbon  dioxide  aud  the  necessary  warmth.  The  grat- 
ings are  gradually  converted  into  a  white  mass  of  the  basic  car- 
bonate. The  vapor  of  acetic  acid  arising  from  the  vinegar  may 
be  regarded  as  a  catalytic  agent,  smce  it  is  used  over  and  over 
again. 

Lead  acetate  Pb(CiUiOi)t,3U30  ie  made  by  theaction  of  acetic 
acid  on  lithargo.  It  ie  easily  soluble  in  water  and,  from  the  siveet 
taste  of  the  solution,  is  num«d  aucar  of  lead  (used  in  medicine). 
Tlie  basic  salt  Pb(0H)(C-,HiOi)  is  formed  by  boiling  a  solution  of 
lead  acetati'  with  excess  of  lithargt'.  Un)ik«  most  basic  salts,  thia 
basic  salt  is  soluble  in  water,  aud  its  solution  has  a  faintly  alkaline 
reaction. 

Lead  aulphat*  PbS04  occurs  in  nitture  as  &nglcsit«.  Being  insol- 
uble in  wjiU-r,  it  ij*  ciuiily  ubtaiiivd  by  precipitation. 

Natural  lead  sulphide  PbS  (gulenn)  forms  black,  cubic  crystals 
with  a  silvery  liutcr.  The  prccipitati-d  salt  ht  aiiiorphous.  It  is 
more  easily  attacked  by  active  adds  than  is  mercuric  sulphide  {qf. 
p.  531). 

Th^  Stwagv  Battery.  —  In  the  ordinary'  lead  accumulator  tlie 
plates  conniiit  of  lotdcii  gratings.  The  opcnitigs  are  filled  with 
finely  divided  k>ad  in  one  plate  and  with  lend  dioxide  in  the  other. 
These,  and  the  dilute  sulphuric  acid  in  the  cell,  arc  the  active  sub- 
atancos  when  the  cell  is  charged.  Wben  the  battery  is  used,  the 
8Qi=  ions  migrnte  towards  the  plates  filled  with  the  lead  (Fig.  131), 
and  convert  this  into  a  miwa  of  the  insoluble  lead  sulphate: 
804=  +  Pb  -♦  PbSO«  +  2e.  These  platcw  receive  the  negative 
chiirgcs.    SimultoneouKl}-,  the  H+  ions  move  towards  the  other 
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plates  and  there  reduce  to  monoxide  tlic  lead  dioxide  with  which] 
they  are  filled. 

PbO,  +  2H+  -»  HtO  +  PbO  +  2®. 

Theoc  plates  acquire  positive  charges  and,  by  interacttou  of 
lead  moQOxitle  with  the  sulphuric  aciil,  liecome  filled,  like  tJio 
iR^ntive  plates,  with  lead  sulphate.  Duriiij;  the  discharge-,  much 
sulphuric  add  is  thus  removed  from  the  i;ell  fluid,  aii<i  the  approach- 
ing exhaustion  of  the  cells  can  thus  be  ascertained  by  mensuring 
the  itpecilic  gravity  of  the  fiuid.  The  E.M.F.  of  the  current  is  a 
little  over  2  volts. 


PbO.  PbSO* 
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The  charging  is  done  by  passing  a  current  throu^i  the  cell, 
the  opposite  liirection  to  the  one  which  it  yields  (Fig.  132).  The 
H*  ions  are  attracted  to  the  iiegatrive  plate  and  an  oquivaleot 
number  of  80*=  ions  are  formed,  »o  tliiit  only  leml  remains: 

PbSO,  +  2H+  +  2e  -*  Pb  +  2H*-  +  S04=. 

Simultaneously,  the  SOt=  is  attracted  by  the  positive  plate  and, 
with  the  lead  sulphate  there  present,  forms  lend  poraulph.tte: 
S0,^  + PbSO, +  2® -tPbCSO,),.  The  persulphate',  being  a 
salt  of  quadrivalent  lead,  is  at  once  hydrolyzed  and  the  filling  uf 
this  plate  is  thus  changed  into  lead  dioxide:  Pb(SOt)i  +  2HjO 
PbOj  +  2H-SO4.  Both  plates  are  thus  brought  back  to  the  cm 
ditiuu  ia  which  they  were  before  the  discharge. 
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Thtt  kst  Mt  of  obargcs  coriHuiiit.>fl  onergy,  while  the  first  set 
Itberutcs  enagy.    Both  may  be  stated  in  a  single  equation: 

charge  — ♦ 
2PbS0.  +  2H,0  ?2  Pb  +  2H^S0i  +  PbOv 
•—  diflcharge 

In  the  ItUaon  call,  when  (rltargcc],  oa«  platv  is  of  iron  and  the 
other  contuins  niokt-lic  oxide  NigOj.  The  cull  liquid  in  a  solution 
of  potuiwimn  hydroxide.  VrHicu  the  cull  0[ieratc^  the  nlckctic 
oxide  iH  reduced  to  Ni(OH)t  and  the  iron  is  oxidised  to  Fe(OH)i, 
an  action  which  delivers  energy: 

Fe  +  3H,0  +  Ni^,  pi  Fe(OH),  +  2Ni(0H),. 

When  the  cell  is  charged,  the  nickid  is  rcoxidlied  and  the  iron 
reduced. 


Paintn.  —  A  paint  UHually  contaimi  three  ingredients: 

1.  The  oil  hardens  to  a  tough  reain  on  exposure  to  the  air 
("dries")  and  adheres  finnly  to  tiie  surface  being  painted. 

2.  The  body  is  a  fine  powder  which  makes  the  paint  opaque.  • 
Since  the  powder  does  not  sjirink,  it  also  "  fills"  the  paint  and  pr^  ■ 
vents  the  forraatton  of  minute  porett  which  otherwise  would  appear 
in  the  oil  after  drying.     White  leiid  (p.  577)  is  a  common  material 
for  the  body,  but  zinc  oxide,  lithopone  (p.  497)  and  other  sub- 
stances are  used, 

3.  Except  in  the  case  of  white  paint,  a  pigmcrU  is  added.  Vari- 
ous oxides,  such  aa  minium,  colored  salts,  and  hikes  (p.  565)  are 
used  as  coloring  matters. 

The  oil  does  not  "dry"  by  evaporation  but  gives  a  resin  by 
oxidation.  Linseed  oil  and  hemp  oil  are  commonly  used.  Th4^ 
contun  glyceryl  esters  (p.  414)  of  unsalurated  acids,  such  us  that 
of  Knoleic  acid  CiHi(CO,CiiHji}»,  which  contains  four  unit*  of 
hydrogen  lem  than  stearic  acid.  The  unsaturated  pari  of  the 
molecule  takes  up  the  oxygen.  By  previously  boiling  the  oil  with 
manganese  dioxide  and  other  oxides,  it  ia  rendered  more  active, 
and  "dries"  more  quickly. 

i'lumbers  use  a  cement  made  of  oiinium  and  linseed  oil,  in  which 
the  former  oxidizes  the  latter,  without  access  of  air  bemg  necessary. 
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Anatylical  Reactions  of  Lead  Compoundn.  —  HycJrogeu 
sulphide  pri'cipjtjitoi*  the  bliwk  sulphide,  even  when  dilute  acida 
arc  pivscut.  .Sulphuric  acid  throws  down  the  sulphate.  Pota»- 
fiium  hydroxide  gives  the  white  bydroxirle,  which  dissolves  in 
cxcc^  to  form  the  |>]unilijte.  Putiifuiiutii  rhromnte  or  dichromate 
{q.v.)  gives  &  yellow  preci|)itate  uf  lead  chrom»t«  PbCrO*,  which  JS 
used  as  a  pigment  under  the  name  of  "chrome-yellow." 


Titanium,  Zirconiitu,  Cebiuu,  TRORttni 

The  metabi  on  the  left  side  of  the  fifth  column  of  the  periodic 
tabic  are  all  quadrivalent,  although  compounds  in  which  a  lon'cr 
valence  appears  are  numerous  in  this  family.  The  first  two  are 
feebly  baae-foniiing  as  well  as  feebly  acid-forming;  the  last  two 
are  base-forming  fxcluaively. 

Titftnlum  occurs  in  rutile  TiTiO*.  Derived  from  it  are  a  number 
of  titanates  of  the  form  KjTiO,.  Zirconium  is  found  in  zircon,  the 
orthotiilicAtc  of  xircotiiuiri  ZrSiOf  The  oxide  is  used  in  making  the 
incandescent  substance  in  mmc  forms  of  gas  lamps.  fl 

Cwrlum  occur*  chiefly  iu  ccrilc  [Cc,  La,  Nd,  Pr]  SiOt,IIiO  {cf.  p.  " 
443).  Thv  particles  of  an  alloy  of  cerium  (70  per  cent)  and  iron 
(30  per  cent),  when  torn  off  by  ii  file,  catch  fire  in  the  air.  Thia 
fact  is  utilized  in  tnaldng  gu-Ugbttrs  and  cignr-lightcrs.  Thortum 
is  found  iu  thorite  ThSiOt,  but  most  of  the  supply  comes  from 
monazitc  sand.  The  nitrate  Th(NOi)«,6HiO  is  used  in  making 
WclBbuch  incandescent  mantles  (<^.  Flame,  p.  397).  The  com- 
pounds are  nulioactive  (see  Riulium).  fl 

The  foundation  of  the  W«Ubft«h  maatla  is  woven  of  ramie.  Thia 
is  saturated  with  a  solution  of  thorium  and  cerium  nitrates  in  the 
proportion  99 ;  1,  and  is  then  molded  to  the  proper  shape  and  dried. 
By  heating  in  a  Bunsen  flame,  the  organic  matter  is  burned,  and 
the  nitrates  arc  decomposed: 

Th(NO,)«  —  ThOi  -H  4  NO,  -t-  Oi. 

The  oxides  retain  the  form  of  the  fabric  and,  to  prevent  breakage! 
in  handling,  the  structure  is  dipped  iu  collodion  and  dried. 

Exercises.  —  1.  In  what  order  should  you  place  the  elemcnt^^ 
dealt  with  in  this  chapter,  beginning  with  the  least  metallic,  and  J 
ending  with  the  most  metallic  (p.  436)? 
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2.  Construct  equations  showing,  (a)  the  interaction  of  tin  and 
concentrated  sulphuric  acid,  (6)  of  water  and-stannous  chloride,  (c) 
of  oxygen  and  stannous  chloride  in  acid  solution,  (d)  the  decom- 
position of  lead  oxalate  (p.  575),  (e)  the  interaction  of  lead  mon- 
oxide and  acetic  acid,  (/)  and  of  lead  monoxide  and  lead  acetate. 

3.  To  which  class  of  ionic  actions  (pp.  259,  270,  504)  do  the 
reductions  by  stannous  chloride  and  by  tin  (p.  570)  belong? 

4.  What  interactions  probably  occur  when  lead  dioxide  liberates 
chlorine  from  hydrochloric  acid? 

5.  How  should  you  set  about  preparing,  (a)  lead  oxalate  (in- 
soluble), (b)  lead  chlorate  (soluble)? 

6.  Construct  equations  for  the  formation  of  white  lead  by  the 
Dutch  process,  showing,  (1)  the  formation  of  the  basic  acetate  by 
the  action  of  oxygen,  water,  and  acetic  acid  vapor,  and  (2)  the 
action  of  carbonic  acid  on  the  product. 
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This  family  is  very  closely  related  to  the  elements  phosphi 
and  nitrogen  which  procede  it  in  the  same  column  of  the  periodio! 
tabic.  Ill  rending  this  chapttr,  thcrrforc,  constant  reference 
Hhuul<l  be  luadc  to  the  cheiuiatrj"  of  the  corresponding  compounds 
of  phosphorus.  For  a  gcucral  comparison  of  the  elements  snenle 
(A.t,  at,  wt.  75),ftntimon7  (8b,  at.  wt.  120.2)  audbUmuth  (Bi,  at. 
wt.  208)  with  cacli  other  and  with  the  two  alrcjMly  (h'spo»cd  of,  see 
p.  992.  It  is  suflicietit  hero  to  8ay  that  arsenic  i.s  mainly  an  acid- 
fomiiiig  cleiiiciit,  and  i.'*  therefore  u  nou>imctHl,  wliilu  antimony  is 
both  acid-forminK  and  ba,se-forming,  and  bismuth  is  base-fornung. 
Pijicli  of  tlie  three  pJements  given  two  sets  of  compounds,  in  which 
it  ia  trivalent,  and  quinquivalent,  respectively.  None  of  the 
elements  when  free  displaces  hydrogen  from  dilute  acidfi. 


Arsknic  As 

The  CItemical  Relatione  of  the  Element.  —  Arsenic  fo 
c^rapouml  with  hydrogen  Aail».     It  giveji  several  halogen  de. 
tives  of  the  typo  AsXj,  which  are  completely  hydrol>'aed  by  water, 
Its  oxides  and  hydroxides  are  acidic. 

Sulphates,  nitrates,  carbonates,  and  other  salts  of-arsenic  are  not 
formed.    The  complex  sulphides  (p.  572)  are  important. 


Occurrence  and  Preparation.  —  Arsenic  is  found  free 
nature.  It  occurs  also  in  combination  with  many  metals,  par- 
ticuhirly  in  arsenical  pyrites  (miMpickcl)  FcjVsS.  Two  sulphides 
of  arsenic,  orpiment  AsjS*  and  realgar  As^,  and  an  oxide  AstOi, 
are  less  common. 

The  element  is  obtained  either  from  the  native  material  or  by-] 
heating  arsciiiad  pyrite-s:  Fi-.-Vs-S  — »  FeS  +  As,  During  the  roaat- 
ing  of  the  sulphur  ores  of  metals,  arsenic  Iriuxidc  is  formed  by  tha 
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I  oxidation  of  the  nraemc  so  frequently  preeent,  and  collects  aa  a  dust 
[  in  the  flues.    The  supply  is  greatly  in  cxcetui  of  tJie  demand. 

Physical  and  Chemical  Propertiea.  —  The  frw  clement  ia 
flteei-gray  in  color,  metallic  in  uppfariuico,  and  crystalline  in  form. 
It  gives  off  vapor  at  180",  and  above  600°  acquires  a  vapor  pressure 
of  760  mm.  Tbo  density  of  the  vapor  measured  at  644°  gives 
808.4  as  the  weight  of  the  G.M.V.  (22.4  liters  at  0"  and  760  mm.)- 
Tbc  weight  of  arsenic  combining  with  one  chemical  unit  weight 
(35.46  g.)  of  chlorine  is  25  g.  Three  times  this  amount,  or  73  g., 
ia  the  smallest  weight  found  in  the  G.M.\\  of  any  volatile  com- 
pound of  arsenic,  and  is  therefore  »cccpk-d  tm  the  atomic  weight 
(p.  106).  Since  308.4  is  equal  approxiraatA;ty  to  4  X  75  (=  300), 
the  formuhi  of  the  vupor  of  the  simple  substance  at  644°  is  Aat-  At 
1700°  the  formula  ia  As,  (cf.  p.  117). 

The  free  ejeraeiit  bums  in  the  air,  producing  clouds  of  the  solid 
trioxide  A^ttO).  It  unites  directly  with  the  halogens,  with  sulphur, 
and  with  many  of  the  metals.  When  boiled  with  nitric  acid, 
chlorine- water,  and  othej*  powerful  oxidising  agents  (p.  157),  it  is 
oxidized  in  the  same  way  as  is  phosphorus,  and  yields  arsenic  acid 

Anine  AnUi.  —  This  substance  corresponds  in  composition  to 
ammonia  and  phoaphinc,  and  some  of  the  ways  in  which  it  may  be 
formed  are  anrilogous  to  those  uaed  in  the  case  of  these  substances. 
Thus,  when  arsenic  and  jrinc  are  melted  together  in  the  proportions 
to  form  zinc  an«nld«  ZngAst,  and  tbo  product  is  treated  with  dilute 
hydrochloric  acid,  the  result  is  similar  to  the  action  of  water  or  dilute 
acids  upon  calcium  phosphide,  and  arsine  is  evolved  as  a  gas: 

ZiuAsi  +  6HCI  —  2AsHi  +  3ZnC1i. 

Amne  (arsenuretted  hydrogen)  in  formed  also  by  the  action  of 
nascent  hydrogen  (cf.  p.  360)  upon  xoluhle  oompouuds  of  arwnic. 
When  a  solution  of  arscnious  chloride  As(  '1,  or  arsenic  acid  is  added 
to  zinc  and  hydrochloric  acid  in  a  generating  flaak,  arsine  is  formed: 

A«CI,  -I-  3Hi  -*  A«H,  +  3HCI. 

Pure  arrine  may  be  secured  by  Iwuiing  (he  mixture  with  hydrogen 
through  a  U-tube  immersed  in  lit|iiid  air  The  arsine  (b.-p.  —56°) 
condenses  as  a  colorless  liquid  (m.-p.  —  1 19*^). 
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Arsinc  burns  with  a  bluish  flame,  pruducing  witter  &nd  clou 
arsenic  trioxlde:  2;VsH«  +  30i  — •  3H)0  +  AsgOs.  The  eoinl 
lion  of  hydrogen  contaiuing  iiPHinc,  gi.'DCrated  u»  jatl  described, 
gives  the  siune  sulwtances.  Since  arsiiie,  when  heated,  is  readily 
dissociated  into  its  oonstituc(it9  {(/.  p.  268),  the  vitpor  of  free 
arsenic  is  present  in  the  interior  of  the  hydrogcQ  flnaac  This 
arsenic  may  I)c  condensed  in  the  form  of  »  metallic-looking, 
brwwuisli  slain  by  iriter|X)«itioi»  of  a.  cold  vessel  of  white  poroeiain 
((•/.  Fig.  85,  p.  268).  Even  when  only  a  traee  of  the  ront|xiund 
of  ar»eJiic  h.<Ls  t)een  added  to  the  noateriaU  in  the  generator,  the 
st-ain  which  is  produced  ia  very  con»pieiious.  This  beha\ior  thua 
furnishes  us  with  the  basis  of  an  exceedingly  delicate  test 
Jbnh's  c«ftt  —  for  the  presence  of  arsetiie  in  any  soluble  form 
combination.  The  compounds  of  antimony  alone  show  a  similu- 
phenomenon  (see  Stibinc). 

Arsine  ie  exceedingly  poisonous,  the  breaDiing  of  small  amoants 
producing  fatal  etTects.  It  differs  from  ammonia  more  markedly 
than  docs  phusphine,  for  it  is  not  only  without  action  on  water 
or  ac'uis,  but  docs  not  unite  directlj-  even  with  the  balides  of 
hydrogen. 
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Italidrs  of  Araentc.  —  The  halides  include  a  li(]uid  trifluorid* 
AsFi,  a  Hquid  trichloride,  a  solid  tribramida  AsBr^,  and  a  solid 
tri-iodld*  .\slj. 

The  trlchlorida  .\sC^  which  is  prepared  by  paseiiig  chlorine  gas 
into  a  vt>asel  containing  arsenic,  is  easily  formed  as  the  result  of  a 
vigorous  action.  It  is  a  colorleas  liquid  {b.-p,  KiO").  Wheji  mixed 
with  water  it  is  at  once  converted  into  the  white,  almost  insolublQ^| 
trioxide.  The  action  Is  preauinably  similar  to  that  of  water  upon^^ 
the  corresponding  compound  of  phosphorus  (p.  372),  but  the 
arsenious  acid  for  the  most  ptirt  loses  water  and  forms  the  Insoluble 
anhydride : 

AaCU  +  3H,0  f±  As(OH),  +  3Ha, 
2A8(OH),  ?s  Aa,0, 1  -f  3n,0. 


This  action,  however,  dilTers  markedly  from  the  other  in  that 
reversible,  and  arecnic  trioxide  interacts  with  aqueouR  hydrochlorii 
acid,  giving  a  solution  of  araenioua  chloride.     When  this  sulutioa 
is  boiled,  arsenious  chloride  escapes  along  with  the  vapor. 
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Oxides  oj  Amenic.  —  Anoolc  trlozlde  AsiOt  is  produced  by 
burning  arsciuc  in  the  air  and  during  the  roasting  of  arsenical  ores 
(p.  .5S2),  aud  ifl  known  as  "white  arsenic"  or  simply  "aisenic." 
It  ia  purified  for  commercial  purposes  by  subliming  the  flue-dust  ia 
cylindrical  pota.  The  pure  trioxide  is  deposited  in  a  glassy  form 
in  the  upper  part  of  the  vcaaei.  Its  vapor  density  shows  It  to  bavo 
the  formula  Aa^Ot. 

When  treated  with  water,  the  trioxide  goes  into  solution  to 
Blight  extent  {1,2  :  100  at  2°),  forming  arsemous  acid,  by  reversal  of 
the  second  of  the  actions  givoa  above.  In  boiUog  water  the  solu- 
bility ia  greater  (11.5  ;  100).  When  bcat^d  in  a  tube  with  carbon, 
this  oxide  is  reduced,  aud  the  free  clement,  being  volatile,  is  de- 
posited upon  the  cold  part  of  th«  tube  just  above  the  flame.  Tha 
trioxide  is  an  active  poison,  tdnce  it  gradually  piLsses  Into  solution, 
forming  arsctiious  acid.  The  fatal  dose  is  0.06-0.18  g.  (1-3  grains), 
but  "arsenic  caters"  become  tolerantof  it  and  can  take  four  times 
as  much  without  evil  effects. 

The  p«ntoxld«  A»jO»  is  ft  white  cr^-stalline  subijtancc,  formed  by 
heating  arsenic  acid:  2HjAflO«,HjO  — ♦  A^iOt  +  4HiO.  Wlien  r»iisi-d 
to  a  higher  temperature,  it  loses  a  part  of  its  oxygtm,  leaving  the 
trioxide.  In  consectuenoe  of  thi8  instability,  it  cannot  be  formed 
by  direct  iniion  of  oxygen  with  the  trioxide,  after  tbe  loaaner  of 
phosphorus  pentoxide. 

Acittit  o/  Ar»enic.  —  When  elementary  arsenic  or  arecnious 
oxide  i.*  treated  with  concentrated  nitric  acid,  or  with  chlorine  and 
water,  ortboanenic  add  HiAsOi  i«  produced.  The  substance 
crystallines  aa  a  deliquescent  white  solid  2H»A804,HtO.  Salia  uf 
this  acid,  and  of  pyroareenic  acid  HiA»iOi  and  metarscnic  acid 
HAsOi,  correepondinR  to  the  phosphoric  acids  (p.  368),  are  known, 
llie  two  last  acids,  themsclvea,  however,  ore  not  known  as  such. 
It  has  been  shown  by  Menzies  that,  when  the  hemihydrate  of 
orihoaraenic  acid  is  dried  at  100°,  the  only  acid  obtainable  has  the 
ooni|X)sition  H(AsiOio(=  i)I!sO,3As,()»).  When  this  acid  is  bcated 
more  strongly,  it  loses  water,  leading  the  pentoxide  AstOj.  With 
meta phosphoric  acid,  the  final  elimination  of  all  the  v/nWr  by  simplo 
heating  is  impossible.  The  chocolate-brown  illTer  ortboaiMoat* 
AgjAsOt  and  the  wliitc  MgNIl4AsO«,  like  the  corresponding  plica* 
pbabes,  are  iusvluble  in  water. 
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Ananlous  uld  HiAbOi,  like  sulpburoua  and  carimnic  adds,  loeM 
water,  and  yields  the  anhj'dride  (arsenic  trioxtde)  when  the  attempt 
iH  Di^iif  to  nhtftin  it  from  the  aqueous  solution.  The  potasiiiun  aod 
sodium  &rMnit«>,  K^AsOj  and  NsiAfiOk,  are  made  by  treatinj;  arseoie 
trioxide  with  caustic  alkalies,  and  are  much  hydrolyzed  by  water. 
The  araenites  of  the  heavy  metab  are  insoluble,  and  can  be  made  by 
precipitation,  Schwli>'!<  icrecn  ie  an  iirsonitc  of  copper  CuBAsO*. 
Id  cases  of  poiwninii;  by  white  an<tnic,  freshly  pn-eipiutt'd  ferric 
hydroxide  (or  the  same  compound  in  colloidal  suspension)  or 
nesium  hydroxide  ia  administered,  »mcc  hy  interaction  with 
arsemoiu  acid  they  form  iuscJubIc  substaui-es. 
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Sulphides  of  Arsenic.  —  Ansolc  psntosulphld*  AsjSi  b  ob- 
tained as  a  yellow  [wwdcr  by  decomposition  of  the  eulpharsenates 
(see  below),  and  by  leading  hydrogen  sulphide  into  the  solution  of 
arsenic  acid  in  concentrated  hydrochloric  acid  which  contains 
AsCU. 

Anenioui  salpUd*  AsiSt  occurs  in  nature  as  orpiment,  and 
formerly  used  as  a  yellow  pigment  (auripigmerUum).    The  word 
arsenic  is  derived  from  the  Grci-k  name  for  this  mineral  (ipvtiwr). 
It  is  obtained  08  a  citruiNyellow  precipitate  when  hydrogen  si 
phide  LH  led  Into  an  aqutwus  solution  of  arwnious  chloride. 

Wlicn  hydrogen  sulphide  is  led  into  an  aqueous  solution  of 
arwnious  acid,  the  eiulphide  ia  fonnetl,  but  remains  in  coUoUoI 
suspgnsloQ.  It  Is  a  negatively  charged  colloid  (p.  417),  a  small 
amount  of  H+  ion  in  the  li(iui<l  rendering  the  whole  electrically 
neutral.  It  is  coagulated  by  adding  solutions  of  salts,  lower  con* 
centrations  l>eing  sufficient  the  higher  the  valence  of  the  positive 
ion  of  the  salt  (O.OS  Molar  KCI,  0.0007  M  BaCli,  0.00009  M  AlCW- 

R«&lgar  AbSi  is  a  natural  sulphide  of  orange-red  color,  and  is  abo 
manufactured  by  subliming  a  mixture  of  arsenical  pyrites  and 
pyrite: 

SFeAsS  +  2FeS,  -»4FeS  +  As^t- 

It  bums  in  oxygen,  forming  arsMiioua  oxide  and  sulphur  dioxide, 
and  is  mixed  with  potassium  nitrate  and  sulphur  to  make  "Bengal 
lights." 


Stilpliarsenites    and    Sulpharacnatfn.  —  The    sulphides 
uiscuic  interact  with  solutions  of  alkali  sulphides  after  the 
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of  the  sulphides  of  tin  (p.  572),  giving  soluble-,  complex  sulphides. 

Arsctiious  sulphide  with  vulurlei»  Hminonium  sulphide  gives  ammo- 

Diuiii  ttulphttntvuite,  And  with  the  yellow  »ulphid«  gives  imimoniiun 

sul[^iu-8cimtc: 

L  3CNH,)>S  +  AsaP,-.2(NH,),.AsS,, 

r  3(NH4)»S  +  Afl^i  +  2S  —  2(NH,),.A8St. 

Proustitc  (p.  512}  is  a  natural  aulpharsenite  of  Rilver. 

These  aalta  are  decomposed  by  acids,  and  give  the  feebly  ionised 
sulpharsenious  or  sulpharsenic  acid: 

CNH*),.AiS,  +  SHCl  -  3NH«C1  +  HwbS, -^  3H,Sf  +  AsAi » 
(NH,VAbS<  +  3HCI  — 3NH4Cl  +  H,AiiS«-.3HiST  +AbA1. 

These  sulpho-acids,  however,  at  once  break  up,  giving  hydrogca 
sulphide  as  a  gao,  and  the  »tilphides  of  arsenic  as  yellow  preoipitatea. 


Ajrrmojnr  Sb 

I  The  Chemical  Relations  of  the  Element.  —  Antimony 
resembles  ursenie  iu  forming  a  hydride  ShH)  and  hulides  of  the 
forms  8bX*  and  SbXj.  The  latter  are  parlmHy  hydrolyzed  by 
water  with  ease,  but  complete  hydrolysis  is  difficult  to  accomplidi 
with  cold  water.  The  oxide  SbjOj  is  basic  and  also  feebly  aeidin 
(amphoteric),  and  the  oxide  Sb]()»  is  acidic.  The  compositions  of 
the  compounds  are  similar  to  those  of  the  compounds  of  arsenic, 
but  there  are  in  addition  salts,  such  as  Sbi(SOi)i,  derived  from  the 
oiide  SbiOt'    The  element  gives  complex  sulphides. 

Oeeurrence  and  Preparation.  —  Antimoay  occurs  free  in 
nature.  The  black  trisutphiiic  SIj^Sj,  stibnJte,  ia  found  in  Hungary 
and  Japan,  and  forms  ehitiiag,  prismutic  er^nstals.  Stibnit«  is 
roasted  in  the  air  in  order  to  remove  the  sulphur,  and  the  white 
oxide  which  remains  is  mixed  with  carbon  and  reduced  by  strong 
beat: 

BbA  +  60,^  SbjO,  +  3S0,. 
Sb,0.  +  4C-.2Sb+4CO. 

Properties.  —  Antimouy  is  a  white,  crystalline  metal,  melting 
at  (VtO°  (b.-p,  1300").  It  is  brittle,  and  easily  powdered.  Its  vapor 
at  1640°  ba«  the  formula  Sbj,  while  at  lower  temperatures  SU  iflj 
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prcsest.  It  is  u>ad  in  tiiak'tn);  ulluys  micb  as  type-metal,  ntereo* 
tj-pe-mctal,  and  brilfinniu  luutiil  (q-v.).  The  allov-a  of  antiniooy 
expand  during  solidificntion,  and  therefore  give  exceptionally  sb&rp 
castings. 

Babbitt's  H«t«l  (Sb  3,  Zn  69,  As  4,  Pb  5,  Sn  19),  and  otb<;r  anti- 
friction alloja  used  in  lining  bearings,  L-untiun  antimony  along  with 
zinc,  cupper,  tviiil  othor  mutals.  Moltuu  mixtures  of  metals 
(alloys),  when  solidifying,  do  not  always  form  a  homogeneoua, 
solid  mass.  In  an  anti-frletioii  alloy,  what  is  wanted  is  a  mass,  in 
general  soft,  but  eoutaiiiiiig  hard  ixirtieles.  The  latter  boar  most 
of  the  pressure,  yet,  as  the  alloy  wears,  they  are  pressed  into  the 
mftcr  mnlrix  80  that  a  smooth  surface  is  always  pre8enti>d.  An 
alloy  which  has  the  opposite  conijH»sition,  lh;kt  is,  wliich  gives  a 
hard  mass  coritaining  softer  particles,  devcloju  heat  by  frictionfl 
much  more  rapidly. 

The  element  unites  directly  with  the  ludogcns.     It  doe«  not  rust, 
but  when  heated  it  burns  in  the  air,  forming  the  trioxidc  Sb:Oi  or  a 
higlier  oxide  SbtO*.     ftlien  heated  with  nitric  acid,  it  yields  the^ 
trioxidc  and,  with  more  (Ui&culty,  autimonic  acid  HjSbO^.  H 
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Stibine  SbHg.  —  The  hydride  of  natimony  SbH*  is  formed  by 
the  action  of  zinc  and  hydrochloric  acid  ou  any  soluble  compomid 
of  antunony.  By  the  action  r>f  dilute,  cold  hydrochloric  acid  on 
analloyof  antimony  and  magneiiium  (I  :  2),amixtureof  hydrogna 
,  and  stibine  containing  as  much  as  11.5  per  cent  (by  volume)  of  the 
latter  may  bo  made.  It  is  separated  by  cooling  with  liquid  air 
(b.-p.  —17",  m.-p,  —88°).  It  is  more  easily  dissociated  than  ia 
arsine  (p.  5S4),  and  forms  a  deposit  of  autimony  when  a  porcelai 
vessel  is  held  in  the  flame. 


Antimony  Balides. —  The  halides  include  tlie  trichloride;  the 
pontactaoride  Ji^bCl*,  a  liquid  (m.-p.  —6°,  b.-p.  I-IO");  tliP  tribn>- 
mld»  SbBr,,,  tri-iodld«  Sbl,,  trifluorid*  Sl)Fi,  and  pantafluorid*  SbFj. 

Aatitaoor  trlohlorids  8bClt  in  miule  by  direct  union  of  chlorinu 
and  antimony.  It  forms  large,  soft  crystals  (m.-p.  73°,  l).-p.  223°), 
anil  n.-^d  to  Ix-  named  "butter  of  antimony."  When  treat<^l  with 
little  water,  it  forms  a  white,  opaque,  insoluble  basic  salt,  anti- 
mony oxj'chloride: 

SbCU  +  H,0  T±  SbOCl  1  -I-  2HC1. 
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With  a  large  antount  of  vater,  a  grcnter  proportion  of  the  chlome 
w  removed,  and  SbiOtCli  ( =  2&bOCI,SbiO,}  remains.  With 
boiling  water  the  oxide  is  finally  formed.  The  action  is  not  com- 
plete AS  long  ftfl  hydrochloric  acid  is  prewnt.  It  may  thon-fort-  be 
revOTi>ed,  so  that,  on  addition  of  hydrochloric  acid  to  the  mixture, 
a  clear  solution  of  the  trichIori<Ie  \a  re-formed.  If  the  pomwiitra- 
tion  of  the  acid  ia  once  more  reduce<l  by  dilution  with  water,  the 
oxydiloride  is  again  precipitated. 

Oxidrs  of  Antimony.  —  The  trioxlde  SbjO*  (vapor  denffltj 
gi\c<  Sli|(>t)  is  obtained  by  ondizing  antimony  with  nitric  acid,  or ' 
by  combustion  of  antimony  with  a  limited  supply  of  oxygen.     It  is 
a  white  substance,  insoluble  in  wuter.     It  is  in  the  main  a  basioj 
oxide,  interacting  with  many  acids  to  form  salts  of  antimony. 
But  it  interacts  also  with  alkalies,,  giving  soluble  aatimonlt«a. 
The  p«ntoxido  Hl>,Oi  ia  a  yellow,  .iniorphous  substance,  obt^ibi^^ 
by  beating  antimonic  acid.     It  combines  only  with  l>ase.s  to  form 
salts,  and  is  therefore  an  acid-forming  oxide  ejcelusively.    The 
t«troxlde  SbjOi  is  formed  by  he:iting  antimony  or  the  trioxide  in 
«xi:c.-«.-<  of  oxygen.     It  is  neither  acid-  nor  base>forming. 

Sales  of  Antimony.  —  The  nitrate  Sb(NOi)i  and  the  tulphat* 
Sbi(SOt)i  are  made  by  thcinteractionof  the  trioxide  with  nil  rii- mid 
sulphuric  acids.  They  arc  hydrolyzed  by  water,  f^ving  basic  salts, 
such  as  (SbOJiSO*  (=  SbjOiSO*),  which,  like  SbOCI,  are  derived 
from  the  hydroxide  SbO(OH),  Wlien  the  trioxide  ia  heated  with 
a  ."•dilution  of  potassium  bilartrnt*-  ICTICiHOb.  a  baac  salt  K(Sb<l)- 
C«HtO«,llijO, known  as  Urtar-«inetl«,  is  formed.  This  isawbite, 
crystalline  substance  which  \s  soluble  In  water  and  is  used  in 
me^cine.  The  univalent  group  SbO'  in  knonm  an  aatlmonyl,  and 
the  almve  mentioned  basic  compounds  arc  often  cjiUcd  antiuionyl 
sulphate,  etc. 

Arttitnonic  Acid.  —  By  vigorous  oxidation  of  antimony  with 
nitric  acid,  or  by  decomposing  the  pcnljichloridc  with  wat«r,  a 
white,  insoluble  substance  of  the  approximate  composition  lUSbO* 
is  obtained.,  This  substance  interacts  with  caustic  potash  and 
passes  into  solutioti.  But  the  salt«  which  have  been  made  are 
pyro-  and  mctautimouiatvs.    Thus,  wbvn  antimony  is  fuBod  with 
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niter,  poUatlum  mcUn ttmoal>M  KSU>,  is  rormcd.     When  <&.' 
solve*!,  ttiL'i  salt  take;'  up  water,  giving  a  solution  ot  the 
potaulum  pjroAnUmoaiato: 

2KSbO,  +  H^  —  KtBShiOt. 

If  tlus  18  nddod  to  &  strung  solution  of  a  nit  of  sodium,  an  •dtfj 
BOdloni  pTTOMitimontot*  is  tJirowu  down,  XAtH^SbjOt.  This  ia\ 
almost  the  only  aonicwbat  Lnaoluble  salt  of  wdium. 

Stitphidv*  of  Antimony.  —  The  trtiulphlds  Sb-S,  is  found  in 
nature  as  the  black,  crj-stalline  etibnite.  As  precipitated  from 
solutions  of  salts  of  antimony,  the  trisulpbide  is  an  orange-red 
powdiT,  which,  howt'vcr,  after  being  mdted,  assumes  the  appearance 
of  stibnit«: 

aSbCU  +  3H^  3=!  SbA  i  +  6Ha. 


Antimony  trisulphide,  like  cadmium  sulphide  (p.  531),  cannot  be 
pnvipitateii  in  pn-senre  of  concpntrated  hydrorhloric  acid. 

The  p«ntaaulphld«  ShjSi  is  obtained  by  the  decomposition  of 
the  sulphantimouiates  (see  below).  In  appearance  it  resembles  the 
trisutpbide  and,  when  heated,  decomposes  into  this  substance  and 
free  sulphur. 

The  sulphides  of  antimony  behave  towards  solutions  of  the 
alkali  sulphides  as  do  the  sulphides  of  arsenic  (p.  587).  The  tri- 
sulphide  dissolves  in  colorless  ammonium  sulphide  with  difficulty, 
forming  an  unstable,  solubk  fttmnooittm  aulpbantlmoolt* 
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With  the  I>en1a.tu1|ihide  or  with  i.i.-llow  ammonium  sulphide  the 
soluble  ammnnlnm  >alphaatinwaiau  is  readily  formed: 


SbA  +  3(XH»)^- 
SbA  +  3(NH*)rS+2S- 


.2(NH4)i5b8b 
.2(.\H«)..Sba.. 
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The  most  familiar  substance  of  this  class  if  Sebl^pc'i  nit  Xa^bSi, 
9H:0.     P>Targ)-nte  (p.  512)  is  a  natural  sulphaotiroooite. 

\\'\>m  acitk  arc  added  to  solutions  of  gulphaptimoiuat**,  tin 
sulphantiinontc  acid  which  is  litierated  decompoem,  and  antjomij 
pe&tasulphide  is  thrown  down  (see  under  Arsenic,  p.  5S7}. 
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The  Chemical  Relatioru  of  the  Element.  —  BiBinuth  fomis 
no  compound  with  hydrogen.  Its  compounds  with  the  hiilogena 
orcof  thcfomiBiXtaAdarehydrotyziii  by  n'att'r|]^viii|cb:u«i(.'!Uilts. 
The  oxide  BitOi  is  basic,  and  the  oxide  li'ijih.  i^  not  noidic.  Bis- 
muth fpves  A  carbonate,  nitrate,  phosphate,  and  other  aalt«,  in 
which  it  acts  as  a  triva]cnt  element.  It  forms  no  soluble  complex 
sulphides. 

OcctWTflnce  and  Properties.  —  This  element  is  found  free  in 
nature,  and  also  iu«  trioxidc  BijOj  and  Iriaulphido  BijSi.  It  is  a 
aUining,  brittk-  metal  with  a  reddish  tinge  (m.-p.  271°).  Bismutb 
is  one  of  the  few  [•ulisftiinces  (see  water)  which  ejcpaiid  on  solidify-' 
ing,  the  crystniti  iH-itig  li|{htcr  than  the  tic|uid  at  271°.  It  b  di- 
morpbous,  with  a  transition  point  (p.  86)  at  75°.  Mixtures  oC| 
bismuth  with  other  metals  of  low  melting>point  fune  at  lowt 
temperatures  than  do  the  separate  metala.  This  is  a  corollary  of 
the  fact  that  a  solution  freezes  at  a  lower  temperature  than  do 
the  pure  BolvL-nt  (p.  IM).  Thus,  Wood's  metal,  containing  bJa 
muth  (m.-p.  271")  4  parts,  lead  Cm.-p.  327')  2  parts,  tin  (m.-p. 
2;)2'')  1  part,  and  cadmium  {m.-p.  321°)  I  part,  melts  at  eO-S", 
considerably  below  the  boiUng-point  of  water.  Similar  alloys 
are  used  for  sufcty  plu^  in  steam-boilers  and  automatic 
sprinklers. 

Bismuth  does  not  tarnish,  but  when  heated  stroD^y  it  bums  to 
form  the  trioxide.  With  the  halogens  it  forms  a  fluorid*  BiFi,  a 
brooolda  BiBr*,  and  an  iodido  Bil|.  \nien  the  metal  is  treated 
with  oxygen  acids,  or  the  trioxide  with  any  acids,  salts  ore  pro- 
duced. 


Compounda  of  Bismuth.  —  In  addition  to  the  basic  trloatds 
BitOi,  which  is  a  yellow  powder  obtained  by  direct  oxidation  of  the 
metal  or  by  ignition  erf  the  nitrate,  three  other  oxidcK  are  known  — 
Bio,  BijOi,  and  BijO».  None  of  these,  however,  is  either  acid- 
forming  or  bitMsforming. 

The  salts  of  iMsiuuth,  when  dissolved  in  water,  give  insoluble 
basic  salts,  and  the  actions  arc  reversible,  the  basic  salbi  being 
redissolved  by  addition  of  an  excess  of  the  acid.    In  tho  case  of  tho 
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ohlorid*   Bi<"l],H,0  and  the  oitr&te  Bi(N(J,)i,.^H^,  the  actions 
taking  place  are: 


BiCU  +  2H,0 ; 
Bi(NO,),  +  2H,0 . 


Bi(OH)/;i  +  2HCI, 
Bi(OH),NO»  +  2HN0.. 


The  former  of  these  products,  when  dried,  loses  a  molecule  of  water, 
giving  the  ozrcUorld*  BiOCl.  The  osTnitrate  Bi(01I).XOt  Js 
much  usL^d  in  medicine,  for  the  treatment  of  some  forms  of  in- 
digestion, under  the  name  of  "  subnitmtc  of  biamutb."  It  i»  often 
fontaiiicd  in  face  jjowdcrs. 

Tbe  brownisb'ljlwck  triaulphid*  BijSa  may  be  obtained  by  direct 
union  of  the  eleiu(.'nts,  or  by  prccipi till  ion  with  hydrogen  sulphide^ 
TbJi4  sulphide  is  nut  ufTerted  by  sulution»  of  ummoniuiti  sulphide  or 
of  potiissiuni  milpliide.  It  differs,  therefore,  ituirkcdly  from  the 
sulphides  of  arsenic  and  antimony  in  ila  behavior. 


TiiE  Fauilv  ak  a  Wuolb 

The  deracnte  themselves  change  progrf«sivcly  in  phyacal 
properties  an  the  ntoniic  woiglit  increase;*.  Nitrogen  Is  a  gfts 
which  with  miflieient  cooling  yields  a  white  solid,  phoc<phoruK  an 
almost  white  or  a  red  solid,  and  arsenic,  antimony,  and  bismuth 
are  metallic  in  appearance.  The  first  eombiiies  directly  witJi  hy- 
drogen, the  next  three  j^ve  hydrides  inrlirectl>',  ami  the  last  docs 
not  unite  with  hy<hogen  at  all.  The  hydride  of  nitrogen  combines 
with  water  to  form  a  base,  while  the  other  hydrides  show  no  such 
tendency.  Ammonia  unites  with  acids,  inclurhng  those  of  the 
halogens,  to  form  salts;  phaiphine  with  the  hydrogen  halides  only; 
the  others  do  not  combine  with  acids  at  all.  As  regards  their 
metallic  properties,  in  the  chemical  sense,  nitrogen  and  phosphorus 
do  not  by  themselves  form  positive  ions,  and  furnisli  us  therefore 
with  no  salts  whatever.  ,\isenic  gives  a  trivalent  positive  ion, 
which  is  found  in  solutions  of  the  bahdcs  only.  It  fonns  no  normal 
sulphatc.%  nitrates,  or  other  suits.  Antimony  and  bismuth  both 
give  Irivalcnt  positive  ions.  The  sulphates,  nitrates,  etc.,  of 
aattmouy,  however,  are  readily  decomposed  by  water  with  pre- 
cipitation of  the  hydroxide.  The  salts  of  bismuth,  on  the  other 
hand,  do  not.  readily  give  the  pure  hydroxide  with  water,  although 
they  are  easily  hydrolyzed  to  basic  salts. 
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VANADIUM,  COLtTMBIOM,  TANTALCM 

The  halogen  campounds  of  nitrogen  and  phosphorus  are  com- 
pletely hydrolyzod  by  watt-r,  snti  Ho  not  pcrsurt  when  any  wiitcr  is 
present,  cA'en  when  ejieeas  <»f  the  halogen  acid  ia  used.     The  halogen 
[compounds  of  arsenic  are  completely  hydrolyxcd  by  cold  water,  but 
exi^t  in  solution  in  presence  of  excvsa  of  the  acids.     The  bulogcn 
compounds  of  antimony  and  bismuth  are  incompletely  bydrolyied 
b)'  cold  water. 
Each  element  pves  a  trioxide  and  a  pentoxide.    With  nitrogen 
t'tlinte  are  acid-forming,  being  the  anhydrides  of  nitrous  and  nitiie 
acids.     With  ]>hosph<>rus  the  trioxide  and  the  pentoxide  ure  an- 
hydrides of  acids,     With  arsenic  the  trioxide  is  basic  towards  the 
[halogen  acids,  and  is  tb«  first  example  of  a  bu»ic  oxide  which  we 
counter  in  this  group.     The  pentoxide,  however,  ii*  ftcid-foninng. 
trioxide  of  antimony  is  mainly  base-foriiiiiig,  although  it  ia 
[feebly  acid-fonntng  alw).    The  pentoxide  i»  acid-forming.    The 
trioxide  of  bl»muth  ia  base-forming  exclusively,  and  the  pentoxide 
I  has  no  derivativcH. 

These  statements,  which  could  easily  be  expanded,  are  suffici^'nt 
'  to  show  that  when  the  periodic  law  is  borne  in  mind  it  furnishes 
I  valuable  aid  in  systematizmg  the  chemistry  of  n  group  like  this. 

Analytical  Heticliona  of  Araenic,  Antimany.  and  Bismuth, 

—  The  ions  which  are  moat  frequently  encountered  are  As***, 
Bb*-^,  Bi-^,  .Vs04=^,  and  .480,=-.  The  Brat  three,  with  hydro- 
gen sulphide,  ^vc  colored  sulphides  which  are  not  affected  by 
dilute  acids.  The  sulphides  of  arsenic  and  antimony  are  separable 
from  the  sulphide  of  bismuth  by  solution  in  yellow  aiiuuouimii 
sulphide.  Marsh's  t«st  enables  us  to  rccoguin:  the  presence  of 
traora  of  compounds  of  arsenic  and  autiuiony.  Oxygen  compounds 
of  ajBenic,  when  heated  with  carbon,  give  a  volatile,  metallic- 
looking  deposit  of  arsenic. 

Vanaoiuh,  Coh-'mbhim,  Tantalum 

Of  these  elements,  nuiMUum  is  less  uncommon  than  the  others. 
It  is  found  in  rather  complex  compounds.  When  tlii-sc  are  heated 
n-ith  soda  and  sodium  nitrate,  todlum  m»tarann3«f  Nu\'0,  is 
formed,  and  can  Ik*  extracted  with  water.  The  element  forms 
several  ChlortdM.  such  as  VCta.  \Cl,,  VfT,,  VOCU,  and  five  oxidM, 
VA  VO,  ViC,  VO,,  and  V)0».     The  element  has  very  feeble  bi».-«>- 
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fomiing  propcrtieo,  nod  gives  only  a  few  imstAble  salte.     Fsm^ 
vanadiuni,  an  alloy,  k  used  in  nuiking  vuuudium  steel. 

Columblum  (or  niobium),  Gnt  diseov«rv(l  and  named  by  Hst- 
clictt  (1801),  luid  UnUhim  pomc«  f«-l)k-  biwe-formiftg  properties, 
their  chi«(  compounds  tx-ing  tlic  columbat«s  and  taiitAlates. 


Kxercu^g. —  1.  How  do  you  account  for  th«  fact  that  the' 
moleculttr  weight  of  arMMiic  at  644°  t8  not  exactly'  300,  and  wh>-  is 
308.4  -j-  4  not  acrt^pl*^  as  the  atomic  weight? 

2.  FoniiuLite  the  series  of  chani^  involved  in  the  eolution 
arecjiic  trioxitle  and  the  interaction  of  hydrochloric  acid  with  tiw 
anienioUA  acid  ho  formed  (c/.  p.  272). 

3.  What  is  the  fiill  siKtiificjince  of  the  fact  that  arsenic  penta- 
sulphide  raay  l>e  |>reeipitated  by  hydroRpn  sulphide  from  a  solutioa 
of  areetiic  acid  in  hydrochloric  acid?     IVLike  the  equation. 

4.  To  what  classes  of  chemical  changes  do  the  interactions  of 
arscniouii  itulphtde  and  antimony  trisulphide  with  yellow  ammo- 
nium sulphitte  belong? 

5.  Construct  equations  showing  the  interaction  of,  (a)  ox>-gen 
and  arsenical  pyrites,  (fc)  chlorine-water  and  arsenic,  (e)  the  de- 
hydration of  orthoursGnic  add,  (d)  potasium  hydroxide  and  arsenic 
trioxido,  (e)  concentrated  nitric  and  and  antimony,  (/)  pota^siuia 
biturtratc  and  antimony  triuxidc,  (g)  acids  and  ammonium  ortho- 
siilpliantimonintc. 

6.  How  should  you  set  about  making  Scfalippc's  salt? 
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THE  CHBOHIUH  VAMILT.    RADIUM 

Tbb  chromium  (Cr,  at.  wt.  52)  famfly  includM  molrbdanam  (Mo, 
at.  wt.  96),  Uingston  (W,  ut.  vrt.  184),  and  unnlum  (U,  At.  wt. 
238.2),  and  orcupio^  the  8cvviith  column  of  the  periodic  table  along 
with  the  »ut|ihiir  and  sdemum  family. 

Tfts  Chemical  Relation*  of  the  Family.  —  The  featured 
which  are  common  to  the  four  elements  are  also  those  which 
afhiiate  them  most  closely  with  their  nei|thlK>r»  on  the  right  side 
of  the  column.  They  yield  oxides  of  the  farms  OOj,  MoO*, 
W0»,  and  UOj,  which,  like  S0»,  are  acid  anhydndes,  and  show  the 
elements  to  bo  sexivalent.  They  Rive  also  acids  of  the  form  II^XOi, 
8uch  as  chromic  acid  HjCrOt,  These  acids  correspond  to  sulphuric 
acid,  and  their  salta,  for  example  the  chromates,  resemble  the 
sulphates. 

Aside  from  the  chromates,  the  Grst  clement  forms  also  two  basic 
hydroxides  Cr(OH))  and  Cr{OH)»,  from  which  the  numerou;;  cliro- 
mous  (Cr*+)  and  chromic  (Cr*+*)  sidts  arc  derived.  Uranium  i.ii 
basoformiug,  oa  well  as  acid-forming.  Mob'hdenum  and  tungsten 
are  not  boee-forming  elemento. 

Chbouiuu  Cr 

The  Chemical  Relations  of  the  Etemvnt.  —  Chromium  give* 
four  classes  of  coiiipoundH,  mid  most  of  them  are  colored  aul>- 
stanccs  (Ok.  xp^f".  color).  The  chromates  are  derived  from 
chromic  acid  HjCrO*,  which,  however,  is  itself  unstable,  and  leaves 
the  anhydride  when  the  Milutiuii  is  evaporated.  The  oxide  and 
hydroxide  in  which  the  element  is  trivalent,  namely  OjO»  and 
Cr(OH)i,  are  weakly  basic  and  still  more  weakly  acidic.  Hence 
we  have  chromic  salts  such  as  OCU  and  Crt(SO«)i  which  are 
somewhat  hydrolyzed,  hut  no  carbonate,  and  no  sulphide  which 
13  stable  in  water.     The  compounds  in  which  the  same  hydroxide 
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acta  as  an  acid  arc  the  chromitc«,  and  are  derived  fnHn  tlie 
completely  hydriilod  form  of  llw  oxide  Cr<3(0H).  I'otaaaiuui 
chromite  K.CrOj  is  more  easily  liydrolyzed,  however,  than  is 
pottuQ<iium  zinvate  or  potiissiuui  aluroiuate.  Fuuitly,  the  chro- 
nious  salts  Kuch  as  CrCIt  nad  CrSO*  correspond  to  chromous 
hydroxide  Cr(OH)i  In  which  ihc  olcirieut  is  bivalent.  This  hj'- 
droxidc  is  more  distiiiclly  \m»w  tliaci  is  eliromic  faj'droxide,  and 
forma  a  cnrbouate  and  sulphide  which  can  be  precipitated 
aqueous  solution. 


Otvurrence  and  Isolation.  —  Chromium  is  found  chiefiy  in 
ferrous  ehrotiiite  Fc(CrOi)i,  which  constitutes  the  mineral  cliroj 
mite,  and  in  crocoisite  PbCrOt,  which  is  ehroitiate  of  lead.     II 
was  first  discoveretl  in  the  latter  mineral  hy  \''auquelin  (1797). 
The  metal  is  easily  made  by  reduction  of  the  oxide  with  alunainiunij 
ftliiiga  by  Gt^dsehmidt's  method  (p.  556). 
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Physical  and  Cbemit-al  Properties.  —  Chromium  is  a  white, 
crystalline,  very  bard  mota!  (m.-p.  1520°).  It  dots  not 
but  when  heated  it  burns  i»  oxygen,  giving  the  green 
oxidp  Cr^Os.  It  swiiia  to  exist  in  two  states,  an  active  and  a  pas- 
sive one,  the  relations  of  which  are  still  somewhat,  obscure. 
fnignieiit  wliioh  has  been  ma<le  by  the  Goldschinidt  method,  or' 
hint  lxH>n  dir))K>d  in  nitric  acid,  is  passive,  and  does  not  displace 
hydrogt'n  from  byilrochloric  acid.  Wien,  however,  the  apecimeii 
is  warmed  with  this  acid,  it  Ix^gins  to  interact,  and  thereafter 
liehaves  a«  if  it  lay  betweai  zinc  and  cadmium  in  the  electro- 
motive .series.     If  left  in  the  air,  it  slowly  lieconit«  inactive  again. 

Tin  and  iron  with  hydrochloric  acid  form  .itaimous  and  ferrous 
chlori(le.t  rcftpectively,  because  the  higher  chlorides,  if  present, 
would  be  reduced  by  the  active  hydrogen  (p.  360).  Here,  for 
the  same  reason,  chromous  chloride  and  not  chromic  chloride  is 
formed: 

Cr+2Ha- 


>CrCl,  +  Hi,    or    Cr  +  2H+ -•  Cr*-^  +  H^ 


Chromium   is  used   in   making   cbromo-stecl,   for  armorplai. 
The  strange  alloys,  which,  although  composed  of  active  metala^: 
tn  not  attacked  by  acids  (even  boiling  nitric  acid),  uaually  contain 
chromium  (e.g.,  60%  (>,  36%  Fe,  4%  Mo). 
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Derivative  of  Chrouic  Actd 
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Potaasiiim  Chromate  KtCrO^,  —  Thus  and  the  sodium  salt,  or 
riithcr  the  forrcspoiiding  dichromates  (ace  below),  are  made  di- 
rectly from  trhroiiiitf,  and  form  the  starting-point  in  the  prepara- 
tion of  the  other  L'onipoiuidii  of  chroniiutu.  The  finely  powdered 
mineral  is  mixed  with  potiuth  and  limestone,  and  masted.  The 
lime  ix  employed  eliieliy  to  keep  the  mass  porous  and  accessible 
to  the  uxygMi  of  the  air,  th»  potiuuiuui  comjwunds  being  e-tully 
I  fusible: 

'      4Fe(CrO0i  +  8IW::Q.  +  701-*  2FcO,  +  SlCCrO*  +  8C0,. 

Th4'  iron  is  oxidixed  to  ferric  oxide,  and  the  chromium  pastes  frocoj 
the  state  of  chromic  oxide  in  the  chromite  (FeO.CViOi)  to  that  i 
chromic  anhydride  in  the  potassiiitn  chromate  (K-(),t'r()]).     Tlm.i, 
niore  insight  ia  ^ven  into  the  nature  of  the  action  by  the  equation: 

4(FeO,Ci^)+8(K,O,CO0+7O,-.2Fe,O»+8(KACrO,)+8CO.. 

The  diidcr  is  treated  with  hot  potassium  sulphate  solution.  This 
uileracts  with  the  calcium  chromate,  which  is  formed  at  the  same 
time,  giving  insoluble  calcium  sulphate: 

CaCrO*  +  KiSO*  t*  CaSO«  I  +  KjCrO.. 

uTbe  whole  of  the  potasnium  chromate  goes  into  solution. 

(  Potassiunt  chromate  is  pale-yellow  in  color,  jpves  anli>'drou8, 
rhombic  cryfttalx  like  thoae  of  potassium  sulphate,  and  is  very 
Boiuble  in  wat*r  (fil  :  100  at  10*).  , 

Sodium  ehromats  XajC^rOiilOHtO  b  made  by  using  Kodium  cav-J 
bunate  In  the  process  just  descrilKnl. 

The  Dichromate*.  —  When  a  solution  of  potassium  sulphate  a 
tiiixed  with  an  e(|uiva1pnt  amount  of  >iulphuric  acid,  po(A.-«<ium 
bifulphnte  is  obtainable  by  evaporation :  K,S(>«  +  H^Ot  — • 
2KH.S0t.  The  dry  acid  salt,  when  heaUd,  loses  water  (]).  28G), 
giving  the  p>Tosulphate  (or  disulphate):  2KHS0«  p:*  K>SjO; + 
HjO,  but  the  latter,  when  rcdiasolve<I,  returns  to  the  condition  of 
aciil  sulphate.  The  seoooid  action  is  instantly  revereed  in  prei*ence 
of  water.  Now,  when  an  acid  is  added  to  a  chromate  we  should 
expect  the  chromic  acid  HiCrOi,  thus  liberated,  to  interact,  f^ving 
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&n  licid  chromate  (miy,  KHCrO*].    Xo  acid  chromatea  are  I 
lionx-v(.-r,  iin<l  inxtitid  of  tlioiii,  pyruchrouiatcti  or  dichronutea 
produced,  with  (^tiinuiatiun  of  wat«r.    In  other  vrortb,  the  second 
of  the  iiImvc  actions  is  not  ApprL-ciably  reversiUc  in  presence 
wat«r  when  chromates  nro  in  (|ucst.iun : 

Krf^tO*  +H,SO.    ^(H,CrO,)+K*S0^ 

K,CrO,  (  +  H,CrO.)  -»  KiCViO,  +  HiO. 

2K,OrO,  +  H,SO«     -•  KiCr/)j  -f  H,0  +  KSOi.  { 

In  terina  of  the  ionic  hj-pothcsis,  SiOj^  is  unstable  in  water, 
interacts  with  the  Off"  ion  it  fontains,  giving  water  and  Mil 
phate-ion,  while  CrjOr'  is  stable  in  water  and  is  formed  fi 
the  interaction  of  water  and  chromate-ion: 

S,Or=  +20H"t-HiO  +  2SO,=, 

CriOT=  +  20H-  =5  HiO  +  20rpi= 

The  dichromates  of  potaaaium  and  sodium  are  made  by  adding 
sulphuric  acid  to  tJic  crude  solution  of  the  chromate  obtained  from 
thronntf  (p.  507).  They  cr>irtallize  when  the  liquid  cools,  and  the 
mother-liquor,  txintaiuing  the  [wtassiuin  sulptuite  and  undeposi 
dk^tiroinate,  is  used  for  exlrncting u  fresh  portion  of  cinder.  Aa 
dichruniates  are  much  less  soluble  than  the  chroiuates,  they 
tnlliKc  from  less  concentrated  eoiutions,  and  can  therefore  be  o1 
taiiKxl  in  purer  condition.  For  this  reason  the  extract  is  alwa; 
trpjited  for  dichromate. 

Potauium  dichromate  KsCr,Oj  (or  KjCr04,CrOi)  erj-stalUses  in 
asymmetrii'  tables  of  orange-red  color.     Its  sutubility  in  water  is 
8  :  100  at  10°  and  12..'* :  lOn  at  20°.     8o«lium  diohramate  N"u^r,Oj^ 
2H;0  forms  red  crystals  also,  and  its  solubility  ifi  109  ;  100  a(  15' 
This  salt  is  now  cheaper  than  potassium  dichroniate,  and 
largely  displaced  the  latter  for  commercial  purposes. 
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Chemical  Propertiea  of  the  Dichromatea.  —  I.  When  con- 
centrated sulphuric  acid  is  added  to  a  strong  solution  of  a  dicbro- 
mato   (or  chromatc),  chromic  anbydild*  CrOj  separatea  tn 
noodles: 

NftA^Oi  -I-  HiSO*  -.  Na^,  -|-  H,0  +  2CtP,  i . 

2.  Althoufcli  a  dinhromate  Iftctm  tJie  hydrogen,  it  is  e^ocntially  „ 
the  nature  c^  an  acid  salt,  just  as  SbOCl  lacks  hydroxyl,  but  )| 
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enentinlly  a  bostr  shU.    Hern^e,  when  potjueium  hydroxide  is 
sddfKl  to  a  Rolution  of  potaoflium  dichromatc,  potassium  chromate 


is  formed: 


KjOiO,  +  2K0H  — 2K,Cr04  +  H,0. 


The  solution  changes  from  red  to  yellow,  and  the  chromate  is 
obtftioed  by  evaporation.  In  this  way  the  pure  alkali  chromates 
are  made. 

3.  Ry  addition  of  potasuum  diehromate  to  a  solution  of  a  salt  of 
a  metal  whose  chromate  is  insoluble,  the  chromate  and  not  the 
diehromate  iei  precipitated.  This  occurs  in  consequence  of  the 
fact  that  there  ia  always  a  little  hydrogen-ion  and  00*=  (ec|Ustton 
(2),  above)  in  the  solution  of  the  diehromate: 

2Ba(?I0,)«+  K^r,Ot  +  H,0  3=*  2BaCrO.  1  +  2KN0,  +  2HX0». 

Being  essentially  an  acid  ealt,  tliv  diehromate  produces  a  suit  and 
an  acid,  ns  any  acid  salt  would  do.     For  example: 

L  Ba(XOj)i  +  KHS04?=Baa04 1  +  KNOj  +  HNO,. 

4.  The  dichromates  of  potassium  and  sodium  melt  when  heated 
and,  at  a  white  heat,  dcconipoBC,  giving  tbc  chmmatr,  chromic 
oxide,  and  free  oxygen.  To  make  the  equation,  wc  not«  that  the 
diehromate,  for  <ixa]npk>  KiCtiOt,  may  be  written  as  K|CrOt,CrO), 
and  the  CrOj,  if  alone,  will  decompose  Uius:  2CrO»  — •  OjOj  +  30. 
8iuc«  the  produet  must  contain  a  multiple  of  Oi,  the  equation  is: 

4K,Cr,0T  -*  4K,CrO«  +  20,0,  +  30,. 

5.  With  free  acids  the  dichromates  give  powerful  oxidizing  mix- 
tures, in  consequence  of  their  tendency  to  form  chromic  salts. 
Since  the  former  correspond  to  the  oxide  CrOj  and  the  latter  to 
C>,Oi,  the  passage  from  the  former  to  the  latter  must  fumiah  30 
for  every  2CrOi  transformed.  In  dilute  solutions,  unless  a  body 
CBpiibIc  of  being  oxidiivd  is  present,  no  actual  decomposition, 
beyond  the  Ubcrution  of  chromic  acid,*  w'curs.  When  coueen- 
tratcd  hydrochloric  acid  is  used,  this  acid  itself  suffers  oxidation: 


K,Cr,0,+    SnCl 
(30)        +    6HC1 


-  2KC1  +  2CrCl,  +  4H,0  (+  30). 
•  3H,0  +  3CI,. 


K,Cr^,  +  UHO  -.2KCI  +  2(M::1,  +  7H,0  +  3Ci». 
■  Not  ahown  «a  a  diBtinol  eUge  In  llic  ■utisriiucut  MiLtntions. 
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When  mtphiirir  and  in  employed,  an  o\i<Ii]»1)Ie  stihstanw  gun 
hjrdrofEen  niilphide  (c/.  p.  270),  sulphurous  avid,  or  alouliul  ini 
present,  if  the  dichromate  is  to  be  reduced: 

K,Cr,0,  +     m^O,  ^  K,SO«  +  Cri(80«),  +  4H,0(  +  30) 
(30)+     SH^O.  — 3U^0, 
or      (30)  +  3CH»0H  -.  3CH<()  t  +  3H^ 


iiLnhotl 


I>ld^yd*I 


In  ench  case  the  usual  t^uniitmtion  of  (1)  and  (2),  with  omiaBioQ  i 
the  30,  gives  the  equation  for  the  whole  action.  >Vheu  (1)  is  i 
sected,  K,0,2(>0,  giving  Cr/):,3S0,  +  30  is  found  to  be  its  ^ 
tial  content.  In  practire,  this  sort  of  action  i#  used  for  the  pur 
of  making  chromic  aaltR,  and  for  it»  oxi<liring  effects,  as  in  tl 
prqiaration  of  aldehyde  and  in  the  dichromate  battery. 

Other  t'ws  <^  Oiehromutes.  —  When  paper  is  coat«d  wi' 
gelatine  containing  a  solubk'  chromate  or  dichromate  and,  af(-er 
being  dried,  is  expospd  to  light,  chromic  oxide  is  formed  by  reduc- 
tion, and  (U)tDbmea  with  the  gelatine.  This  product  will  not  swd! 
up  or  dissolve  in  tepid  water,  aa  does  pure  gchitinc.  This  action 
is  used  in  many  rnij-H  for  purposi's  of  arlJstic  reproduction.  Thus, 
if  the  gelatine  mixture  is  made  up  with  lampblack  and,  after  the 
coitting  has  dried,  is  covered  with  a  nesative  and  exposed  to  tight, 
the  parts  which  were  protected  from  Illumituition  may  afterwanls 
be  waslied  away,  while  the  carbon  print  reniains.  The  gelatine 
layer  can  bo  transferred  to  wood  or  copper  before  washing.  When 
liiat4.'nfLl)i  of  different  colors  are  subetituted  for  the  lampblack, 
prints  of  any  desired  tint  may  be  made  by  the  same  process. 

Sodium  dichromate  is  used,  instciul  of  t'Un-burk,  in  *«"»'rt  kid 
and  gluvv  leathers.  A  reducing  agent  i^  employitl  to  precipitate 
chromic  hydroxide  Cr(OH)s  in  the  leather.  Its  use  diminishes 
the  time  requiny^l  for  the  process  from  8  or  10  months  to  a  few 
hours.  The  hide  a  u  mixture  of  colloidal  umterials,  and  the  hy- 
droxide is  adsorbed. 


n 


Insoluble  Chromaten.  —  A  number  of  chromates,  formed  by 
precipitation  with  a  solution  of  a  flohihle  chromate  or  ilichroniate, 
are  familiar.  Thus,  lead  chromate  FbCrO*  is  used  as  a  ydlow 
pigment.  By  treatment  with  limcwater  it  gives  a  basic  salt  of 
brilliant  orange  color  ^«hromfl-r«d  Pb»OCrO«.    Salts  of  calcii 
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pve  B  }-cllow,  hydrat«cl  ealdum  obromftU  CACiOi,2H0t  aoalogous 
to  g>-pHuii],  And,  like  it,  perceptibly  soluble  iii  water  (0.4  :  100  at 
14°).  Buium  ohrom»to  BaOOt  18  also  yellow.  It  internets  vritli 
active  widi*  to  form  the  dichromate,  and  pauses  into  eolutioa.  It 
is  not  soluble  pnougli  t«  lie  attjwked  by  acetic  acid.  Strontium 
chronut«  SrCrOt,  however,  is  noliible  in  acetic  acid.  Silvor  cbro- 
nut*  A^CrOi  in  red,  aiid  interartR  e-OAily  with  acid^.  It  will  In; 
ol>»i.T\'e»l  tlial  there  is  a  cloee  corrrapondenpe  between  the  relative 
solul'ilities  (itee  Table}  of  the  cbromatea  and  Uie  sulphates. 

Chromic  AnhyHrtdtt  CrO^.  —  This  oxidt'  ia  lujidv  as  dfscribed 
almve  (par.  1,  p-  508),  and  is  ufti>u  cullod  chromic  acid.  It  ia 
soluble  iu  water,  and  combiner  with  tlic  latUT  to  soinc  extent, 
Ipx'inft;  dichromic  acid  Hi.CrtOi.  In  a  solution  addiScd  with  an 
active  acid  it  is  much  used  ns  an  oxidizing  iigi-nt  for  organic  8ul> 
stances.  It  interacts  with  acids  in  the  same  way  ax  do  the  dichro- 
matcs,  giving  chromic  »a.]ts  and  furnishing  oxygen  to  (he  oudizable 
body.  When  hcnted  by  itself,  it  loses  oxygen  readily,  and  jnelds  ■ 
the  green  chromic  oxide:  4CrO»  — •  2CriO»  +  30). 

wK    Chromyl  Chloride  CrOaCI^  —  This  compound  coirespondfl  to 
'siilphurj-!  chloride  SO,Cl,.  and  is  iniulc  by  diKtilliog  a  dichromate 
with  a  chloride  and  concentrated  sulphuric  acid: 

W    KjCr,0,  +  4KCH-3H,SO,-.2CrOrf;i,T  +  3K,30.  +  3HtO. 

The  hydrochloric  M-id  lil)erated  from  tlie  chloride  may  be  supposed 
to  interact  with  chromic  acid  from  the  dichromate: 

Cri:>,(OH),  +  2Ha  —  CrOiCI,  +  2H»0. 

Chrorayl  chloride  is  a  red  liquid,  boiling  at  1 18°.  it  fumea  strongly 
io  moiat  air,  being  hydrolyKod  by  water.  This  action  i«  the  re- 
verse of  that  shown  in  the  laat  equation.  I'he  corrcspoadiiig 
broonine  and  iodine  compounds  are  uotrtable,  and  when  a  bromide 
or  iodide  is  treated  as  descrilMid  above,  the  balogena  are  liberate<i 
by  oxidation,  and  no  voliililc  compound  of  chromium  appean. 
Hence,  when  an  unknown  halidc  is  mixed  with  potaaamn  dJchro- 
niate  and  sulphuric  acid,  and  distilled,  and  the  vapors  are  caught 
in  ammonium  hydroxide,  tbe  liiiding  of  u  cbnxnate  in  the  di*> 
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tiUate  dcmonstraties  the  existence  of  a  chloride  in  the  or 
8ub«tan«e: 

OOiCU  +  4NH*0H  -» (NHOiCrOt  +  2NH4a  +  2H,0. 

This  iiction  is  used  as  a  test  for  the  presence  of  traces  of  vhlinic 
in  Urge  Amounts  of  bromides  or  iodides- 


CUROMtC  AND  Cftrouous  CouponxDs 

Chromic  Chloride.  —  A  hj-dratcd  chloride  CrdjjfllljO  is  ot^ 
tained  by  trt-atiug  the  hydroxide  Cr(OH)i  «'ith  hydrochloric  acid 
and  (ivapomting.  Whm  liwitiHl,  lliis  hydrate  is  hydrolyzcd,  and 
chromic  oxide  reiitiiiiis.  The  iinhyilroiut  chloride  CrCU  is  formed 
by  Hubliniiition,  as  u  iniuw  of  brilliunt,  reddish-violet  g^nlcs.  when 
chlorine  is  led  over  he;iU'd  iiiftlailii;  chromium.  In  this  form  the 
substance  dissolves  with  extrf-nip  slowneRs,  even  in  boiling  wat«r, 
but  in  presence  of  a  trace  of  rhromous  chloride  or  stannoiut  diloride 
it  18  easily  sohible.  The  solution  is  Rreen,  as  are  all  solutions  of 
chromic  salts  after  they  have  been  l>oiled,  but  on  standing  in  the^ 
cold,  bluish  crystals  of  CKli,6Hj{)  are  deposited.  Thc*> 
violet  solution  containing  C'r++^  +  3C1~,  but  boiling  reproduces  i 
green  color.  The  green  material  can  also  be  obtained  in  cry 
as  a  hexahydrate,  and  is  therefore  isomeric  (p.  42!)  with  the. 
violet  variety.  With  the  green  isomer,  uj  cold  solution,  silvej 
nitrate  precipitates  at  Erst  only  one-third  of  the  chlorine  as  silver 
chloride. 


I  in  the, 
give  ^ 

iCCSthS 

crystoU^ 
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Chromic  Rydroxtdfi.  —  Wlieu  ammonium  hydroxide  !■  i 
to  a  solution  of  a  ehrumic  salt,  a  hydrated  hydroxide  of  pftle-blt] 
color,  2C'r(0H),,H)0,  is  thrown  down.  This  interacts  witli  arids. 
Jiving  chromic  salts.  It  aW)  dissolves  in  potassium  and  sodium 
hydroxides  to  form  green  solutions  of  ehromitw  of  the  form  KCrO». 
When  the  solutions  of  the  alkali  chromites  are  boiled,  the  free 
chromic  hydroxide,  present  in  con-scquenco  of  hydroKtiis,  is  coo* 
verted  into  a  greenish,  lens  completely  hydrated,  and  less  soluble 
variety.  This  begins  to  come  out  as  a  precipitate,  and  soon  the 
whole  action  is  reversed.  Insoluble  chromites,  such  as  that  of 
iron  Fe(CrO))j,  are  found  in  nature.  Many  of  them,  like  Zn((XX)» 
and  Mg(CrO})*i  may  be  formed  by  (using  the  oxide  of  the 
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with  chromic  oxide;  the  action  being  fiimilar  to  that  ii»od  in  making 
idncates  (p.  529)  and  alumiiiates  (p.  567).    The  hydroxide  is  imed 

•  ae  a  tnordaQt  (p.  565)  and  is  the  active  subetaace  in  the  chrome* 
tanning  process  (p.  600). 


I 


Oiromic  Oxide  Cr^O^.  —  This  oxide  is  obtained  as  a  green, 
infuxihle  powder  by  heating  the  hydroxide;  or,  more  readily,  by 
heating  dry  ammonium  dichromate;  or  by  igniting  potassium 
dichromate  with  sulphur  and  H-ashing  the  potassium  sulphate  out 
of  the  residue: 

(NH0iCr»O,  -» N,  +  4H,0  +  Cr^O., 
KjCriO,  +  S  -*  IC-W,  +  Cr^. 

Chromic  oxide  i»  not  affected  by  acids,  but  may  be  converted  into 
the  sulphate  by  fusion  with  [Mtassiuin  btsulphatc.  It  ts  used  for 
making  green  pnint,  iirid  for  (^vingn  green  tint  tuglius.  When  the 
oxide,  or  any  uf  the  chromic  «a\\*,  is  fused  with  a  basic  sulMtnnco 
such  118  an  alkali  carbonate,  it  pa»H>»  into  the  form  of  a  chrornate, 
absorbing  the  necessao'  oxygen  from  the  air.  If  an  alkali  nitrate 
or  chlor.ite  is  added,  the  oxidation  goc»  on  more  quickly.  The 
ulkidine  solution  of  the  chromitex  ni»y  be  oxidised,  for  example  by 
adding  ehlorine  or  bromine,  and  ehromaten  arc  formed. 

Gtromir.  Sulphate  OatSittJ^JSHaO.  —  This  salt  crj'stalliKes 
in  reddish- violet  crystals,  and  may  be  made  by  treating  the  hy- 
droxide with  sulphuric  acid.  When  mixed  with  potassium  sul- 
phate, it  jpves  reddish-violet,  octahedral  crystals  of  cbroms-alum 
(</.  p.  .V)S),  KnS().,Cr,(S04)„241M).  This  double  salt  is  most 
easily  obtalneii  by  reducing  potansium  dichromate  in  dilute  sul- 
phuric acid  by  means  of  sulphurous  acid  (p.  600),  and  allowing 
the  solution  to  crystallize.  The  solution  of  the  crj-stals,  dther  erf 
the  pure  sulphate  or  of  the  alum,  is  bluish-violet  (Cr*"*"*),  but 
when  boiled  l>ecome8  green.  The  green  compound  is  formed  by 
hydrolysis  and  is  gummy  and  uncrystalliiable.  It  evea  yielda 
products  which  do  not  show  the  presence  either  of  the  Cr*"**  or 
the  S04=  ion.     It  seems  to  be  formed  thus: 

2Crt(SO0.  +  H,0  j=t  Cr.O(SO,)..SO,  -|-  H^«. 

(The  green  matoriale  revert  .slowly  to  the  violet  ones  by  reversal  of 
Itiie  tbwv  «ctiou  when  the  sulutiou  r«iiwin«  iji  tbe  cold,  and  so 
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cr>-8talE  of  the  sulphate  or  of  the  alum  are  obtainable  from 
green  solutions. 


Chromous  Compounda.  —  By  the  interaction  of  chrorai 
with  hj-drochloric  acid,  or  by  reducing  chromic  chloride  in  a  st; 
of  bydrogi'D.  chromous  ohloild*  CrCIi  is  formed.    The  anhydruuc 
Bait  is  colorii-iv*,  ftii<J  its  eolutioii  is  light  blue  (Cr**).     Like  stan- 
noittt  chloride,  it  is  vcrj-  oiu^ly  oxidin-d  by  the  air,  n  solution  of  it 
eontainiiig  excess  of  hydrochloric  ncid  being  used  iu  the  labora 
to  absorb  oxygen : 

4Cra,  +  4HC1  -f  O,  -.  4CrCl*  +  2H,0. 


oiuB^I 

'rou« 
itan- 
of  it 
toi]ta 


Chromoui  hTdroxide  Gr(OH)j  is  obtjuned  as  a  yellow  precipitate 
when  alkalies  aiv  aiided  to  the  chloride.  With  milphuric  aeid  it 
giveo  cbiomous  lulpluta  (>80t,7UiO,  which  la  one  of  the  vitriola. 
(p.  529). 
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Analytical  Reactions  of  Chromium  Compounds,  —  TheT 
chromic  salts  give  the  bluish-violcl  chromic-ion  Cr***,  or  the  green 
complex  cations,  and  may  he  rt^eoguized  in  solution  by  their  color. 
The  chromates  and  dichromates  give  the  ions  Cr04=  and  Cr,Or=, 
which  ai-e  yellow  and  red  n»**pectively.  From  chromic  salta, 
alkalieti  and  ammonium  Rulphidc^  precipitate  the  hluii<)i<grecn 
hydroxide,  and  cjirbonates  give  a  basic  carbonate  which  is  altnosb 
completely  hydrolyzed  to  hydroxide.  By  fusion  with  sodium 
carbonate  and  sodium  nitrate,  they  yield  a  yellow  bead  containing 
the  chromate.  The  chromates  and  dichromates  are  recognizodfl 
by  the  insoluble  chromates  which  they  precipitate,  and  by  their 
oxidizing  power  when  mLxcd  with  acids.  All  compounds  of  chro- 
mium give  a  green  borax  bead  containing  chromic  borate,  and  this 
bead  differs  from  that  gi\'cn  by  compounds  of  copper  (qf.  p.  510),  ■ 
both  in  tint  and  in  being  unreducible. 


Molybdenum,  Tunobten,  UsANnni 


Molybdenum, — This  eleij^ient  is  found  chiefly  in  wulfenite 
PbMoOt  and  molybdenite  MoSi.  The  latU-r  resembles  black 
lead  (graphite),  and  its  apiKAruncc  suggi^vted  the  name  of  thd 
element  (Gk.  fuM^Sotw,  lead).    The  molybdenite  is  converted  by 
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roasting  into  molybdlc  antajdrld*  MoCH.  When  this  in  treated  with 
animonium  hydroxide,  or  with  sodium  hydroxide,  ammonluin 
molTbdftU  (NIJ4)iMoO.  or  sodium  molyfodat*  Ns,MoO<,  10Ii,O  a 
obtaiiipd.  The  m*Ul  itself  is  liberated  by  reducing  the  oxide  or 
chloride  with  hydrogen.  "  \\Tii'D  pure  it  is  a  silvery  rncta)  and, 
like  iron  ig.v.),  takes  up  carbon  and  shows  the  plienomcna  of 
tempering.  The  otld«s  ilojOj,  MoOt,  and  MoOj  are  known,  but 
the  lower  oxides  arc  not  basic.  The  chlorld«B  MojCU,  MoCU, 
Mot.'li,  and  MoC'U  have  been  made.  Tlie  chief  use  of  molybdenum 
compounds  in  the  laboratory  is  in  testing  for  and  estimating  phos- 
phoric mM.  Allien  a  little  of  a  phosphate  is  added  to  a  solution 
of  ammonium  molylKlate  in  nitric  ueid,  and  the  mixture  is  wiirmed, 
a  copious  yellow  precipitate  of  »  pboaphomolTbdata  of  unmonium 
(NHi)iPOt,llMoOi,6H(0  is  formed-  The  comiwund  ts  sulublu 
in  cxcf^s  of  phosphoric  acid  and  in  alkahcs,  but  not  in  dilute 
mii^cral  acids. 

I  Tungatvn,  —  The  miuerals  8che*litc  CaWOt  and  wolfram 
[Fe,Mnj\VOt  are  tun^tatea  of  calcium  and  of  iron  and  manganese,,^ 
respectively.  By  fufflon  of  wolfram  with  wodium  carbuoate  andf 
cxtractiuu  with  water,  sodium  tungitate  NftjWO.,2HiO  19  ticcured. 
It  It  used  ii«  n  mordfttit  rnul  for  rt^ntlering  mufllin  fireproof.  Acids 
precipitate  tungitlo  add  HiWO«,Hs<)  from  wlutiontt  of  this  .salt. 
Tlic  element  Rives  the  ozidei  Wf)j  and  WO],  the  latter  l)eiiiK 
formed  by  ignition  of  tungstie  apid.  The  chlortdn  W(  'Ij,  WCU, 
WCIi,  and  W<.'lii  are  known,  the  last  beJng  formed  directly,  and 
the  otherH  by  reduction. 

The  metal  has  important  uses,  and  the  annual  production  is 
greater  than  the  total  of  all  the  metals  which  follow  it  in  the  lii<t 
on  p.  436.  The  metal  (sp.  gr.  19,6)  can  be  liberated  by  reduction 
of  the  oxide  by  hydrogen  or  by  carbon.  It  has  a  higher  melting 
|X)int  (3540")  than  any  other  metal  and,  on  this  aecmmt,  and  be- 
cause it  is  leas  volatile  than  carbon,  is  now  used  for  Ebimenta  in 
electric  lamps.  A  carbon  Blament  also  requires  3,25  watts  per 
candle  power  while  a  tungsten  filament  uses  only  1,25  watts  perJ 
I  c.  p.  The  powdered  metal  obtained  by  reduction  can  be  preeaed' 
into  wire  form  and  then  rolled  while  strongly  heated  by  an  electric 
current  until  a  compact  wire  is  obtained.  The  metal  can  also  be 
obtained  ta  madsivv  form  by  reducing  the  oxide  with  ulumimum. 
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provided  the  crucible  and  mixture  are  heat«d  strongl>'  in  advance.  1 
In  1914,  in  the  L'nitixl  ^>tatc8  alone,  about  a  hundrcxl  millioii  tung- 
sten lamps  were  mji&ufactured.  Shop  work  has  been  almost  revolu- 
tionized by  the  use  of  tungsten  steel  tools,  which  can  be  used  at 
high  Bpeed  and,  even  when  thus  heated  red  hot  by  friction,  retain 
their  temper.  Tun^tcn  steel  contains  tungsten  (It)  to  20%), 
cKbon  (0.55  to  0.75%),  chromium  (2.5  to  5%),  and  vanadium 
(0^  to  1.5%).  _ 

Vranium.  —  Piljjhblende.  which  oonlains  the  oxide  U/)*  along™ 
with  siiiuller  amounts  of  many  other  elcmcnta,  is  found  mainly 
in  Juaehinisthal  (Bohemia)  and  in  Cornwall.  Cnrnotite,  a  ur»- 
natc  and  vaundato  uf  potassium  I^.2U09,V)Oh3UtO  occurs  in 
Colorado.  Pitchblende  is  roasted  with  Ume,  the  calcium  uranate 
Cal'Oi  thus  formed  is  decomposed  with  sulphuric  acid,  giving 
uranyl  sulphate  UOiSOi,  W'hcn  excess  of  sodium  carbomtte  is 
added  to  the  solution  of  the  latter,  the  foreign  metals  are  jHccipj- 
tated  and  sodium  diuranat*  Nail\Oi,7HiO,  which  is  also  throwiLH 
down,  dissijives  in  the  excess  as  NaiUO».  ^M 

After  nitration,  the  diuranate  of  sodium  is  reprccipitatod  by 
neutralizing  with  sulphuric  arid  and  boiling.  This  salt  is  used 
in  making  uranium  sla«,  which  shows  a  yellowish-green  fluortw- 
cencc.  The  property  is  due  to  the  fact  that  the  wave-lengths  of 
part  of  the  invisible,  ultra-violet  rays  of  the  sunlight  are  lengthened, 
and  a  greeniRh  light  is  therefore  in  excess.  The  oxida*  are  UOj  a 
basic  oxide,  UtOj,  UjOt  the  most  stable  oxide,  UOj  uranic 
dride,  and  IJOi  a  peroxide. 

When  the  oxide  UOj  is  treated  with  adds,  it  gives  uraoous  i 
such  as  uranoua  sulphat*  ir(SO()3,4H)0.  Uranic  anhydride  attd 
uranic  acid  interact  with  acids,  KivinR  basic  salts,  such  as  UOjSO), 
3iHzC),  and  lK))(NOi)i,6HgO,  which  are  named  uraajl  lulphata, 
unnyl  nltrat«,  and  so  forth.  They  are  >'ellow  in  color,  with  gnx-ii 
fluorescence.  Ammonium  sulphide  throws  down  the  brown,  un- 
stable uranjl  sulphide  (JOiS  from  their  solutions. 
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Radioactivb  Elements 

Historical.  —  We  have  seen  (p.  303)  that  in  an  c^'acuated  tube, 
through  which  an  electric  discharge  is  paMied,  the  "rays"  emanat- 
ing; frotn  the  cathode  (cathod«  rajs)  strike  the  anti-catbodo  sod 
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the  glass  beyond  it.  They  produce  in  the  glara  &  grc«nifib-y(.-llow, 
i  fluorescent  liglit.  These  "ra>-8"  were  distovcrwl  by  Sir  William 
Crookes  (1878),  and  lat«r  were  shu^vn  to  coriKist  of  particlvs  of 
negative  electricity  or  aleetroai,  each  having  a  mass  about  jjVo  of 
an  atom  of  hydroeen.  Rftntgen  (1895}  aoddeutally  discovered 
that  the  fluore.tcent  light  (Z-ray«)  could  penetrate  paper,  flesb, 
and  other  mBt«rial8  composed  of  elements  of  low  atomic  wei^t 
and  acted  upon  photojaapliif  plat««.  In  1896  Henri  Becqiiercl 
obeerv'cd  that  minerals  containing  uranium  gave  off  a  sort  of 
radiation  which  could  penetrate  black  paper  that  waa  opaque  lo 
ordinary  light  and  reduce  the  silver  bromide  on  a  photographic 
plate  placed  Ix^neath  the  paper.  He  also  discovered  tliat  an 
electrometer  (Fig.  13.1),  in  whicli  the  gold  leaves  had  IxM^-n  eauacd 
to  separate  by  charging  with  electricity, 
lofit  it«  charge  rapidly  when  the  uranium 
ore  (or  salt)  was  brought  near  (ii-A  cm.) 
to  the  knob  connected  with  the  teavce. 
The  uranium  material  rendered  the  air 
a  conductor  ("ionized"  the  air)  and  this 
effect  permitted  the  escape  of  the  electric 
charge,  which  otherwise  would  have  been 
retained  for  a  considerable  time.  In  the 
quantitative  mcjiaurement  of  radioactiv- 
ity, wc  now  t'onipare  the  times  required 

for  the  discharge  of  an  ciectroBcope  by  different  specimens  of  radio- 
active matter.  The  presence  of  10""  g.  of  such  matter  can  thus 
be  detected. 

The  radioactivity  of  cvex>-  pure  uranium  compound  i«  propor- 
tional to  its  uranium  content.  The  ore»  are,  however,  relatively 
four  times  as  acti\-e.  This  fact  led  M.  and  Mme.  ("urie,  just  after 
1696,  to  the  discovery  that  the  pitchblende  nsridues,  from  which 
practically  all  of  the,  uranium  had  been  extracted,  were  neverthe- 
lesB  quite  active.  About  a  ton  oS  the  very  complex  residues 
having  been  separated  laboriously  into  the  components,  it  was 
found  that  a  large  part  of  the  radioactivity  remained  with  the 
sulphate  of  Iwrium.  From  this  Iwrium  sulphate,  a  product  free 
from  barium,  and  at  least  one  million  times  more  active  tJian 
uranium,  was  finally  Aeeured  in  the  form  of  the  bromide.  The 
nature  of  ibe  qwctrum  and  tbe  chemical  relatioos  (rf  the  element, 
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now  named  radium,  plwxxl  it  with  the  mctub  of  tbc  olknline 
earths.  The  ratio  by  weight  of  chlorine  to  nidiuni  tti  tb*-  cUoridc- 
is  35.46  :  1!3,  m  Ihut,  on  the  assumpliuii  thut  the  ckiiH-nl  is  bi- 
valent, its  chloride  is  RaCIt  iunl  it«  atomic  weight  is  226.  With 
this  value  it  oceupiex  a  place  foriucrty  vaeoul  iu  the  pcriodie  table. 
In  1010  MnK'.  Curie  ubtniiied  metallic  radium  by  eleetrolyziiig 
a  solution  of  rutliuin  chloride,  lining  »  merciuy  cathode,  and  ex- 
pcUiug  the  mercury  by  dii^tiUation.  It  was  a  white  metal  (m.-p. 
700°)  which,  like  cAicium,  quickly  tarnished  iu  the  air  and  diis- 
plaoed  hj'drogen  from  water. 

Thp  \atur*!  of  ihe  "Rays."  —  Many  propertJeii  tOiow  that 
the  "rays"  emitted  by  compoun<L4  of  uranium  and  of  radium  are 
of  three  kinds.  They  are  most  sharply  distinguished  from  one 
another  when  allowed  to  pass  thmiifih  a  powerful  magnetic  field. 
The  alpbft-njs  are  positively  charged  and  are  bent  in  one  direction 
while  the  b«ca-rar>  are  negative  and  are  bent  in  the  other.  Tbc 
C&nuna~r&7B  are  not  affected. 

The  «]pba-raya  are  atoms  of  helium  (p.  336)  thrown  off  in 
straight  lines  with  varying  initial  velocities,  averaging  about  one- 
tenth  that  of  light  (say,  30,000  kilometcra  per  scfond.  The 
o-particlee  from  Ra-C,  e.g.,  1!),220  Idiom,  per  sec).  Each  such 
atom  bears  a  double  positive  charge  (the  unit  being  the  charge  on 
a  univalent  ])ositive  ion),  and  a  delicate  electroscope  readily  in- 
dicates the  entrance  of  a  single  atom.  These  alpha-particlee, 
being  each  four  times  as  heavy  as  an  atom  of  hydrogen,  plou)^ 
their  way  UiTowjh  tens  of  thousands  of  air-molecules  and  usually 
go  about  J-«  cm.  before  being  stopped.  The 
emission  of  atoms  of  helium  can  bi'  detected  by 
means  of  Crookcs  ■piJitbaro*c<9»  (Fig.  134). 
The  particle  of  radium  bromide  is  at  B,  and 
some  of  the  charged  heliutn  atoms  strike  a  sui^ 
face  C  covered  with  zinc  sulphide,  producing  faint  flaslK'S  of  li^t. 
The  lens  A  magnifies  the  flashes  and  the  latt<T  can  be  seen  in  a 
dai'k  room  after  the  eye  has  become  ihorouglily  rested  (15-20 
minutes).  The  helium  gas  given  off  by  radium  compounds  wae 
collected  by  Soddy  working  with  Hamsay  and  identified,  and  ila 
rate  of  production  was  measured.  The  amount  was  equal  to  158 
cubic  mm.  per  1  g.  of  radium  per  year. 
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The  alphn-particles,  In  paaang  through  the  air-moleculce, 
ionize  the  air,  and  the  ionize<l  air  has  the  same  power  that  dust 
poewesaca  (p.  333)  of  aHurding  nuclei  on  which  moisture  can  con- 
dense. Hence,  when  a  particle  of  a  radium  compound  is  supported 
in  a  flask  oontaininK  air  (saturated  with  moisture,  and  the  air  is 
Buddeoly  cooled  by  expaiiHion,  the  jHiths  of  the  particles  becomio 
lines  of  fog.  With  powerful  illumination,  the  fog-tracks  (F^.  135) 
can  t>e  photographed  (Wilson),  and  the  Umgths  of  the  paths  eta 
be  measured. 

The  b«ta-partlcl«*  arc  clectrona  (p.  303),  or  imit  cluirgoa  of  nepi- 
tive  electricity,  and  arc  shot  out  with  a  velocity  approiicUing  that 
of  light  (300,000  kiloms.  per  nee.).  They  are  tboreforc  identical 
with  cathode  rays,  but  move  many  IJini's  more  rapidly.  Being  very 
light  (weight,  1^00  of  !>Q  utodi  of  hydrogen),  their  puthn,  nlthuugh 
straight  at  first,  soon  become  tortuous  owing  to  ci^lisions  with 
the  relatively  luuasivc  nir-niolccules.  Hulf  of  tliein  are  lost  after 
going  about  4  em.  Tlieir  fug  traelui  are  faint«'r  than  arc  thoe«-  of 
the  a-purticles  and  extremely  tangled.  Being  much  lighter  tlum 
ct-purtieles,  tlicir  |»ith»  are  actually  coiled  into  circles  or  epirald 
by  a  magnetic  field. 

The  punma-rmTi  arc  identical  with  X-rays  (vibrntiooa  in  the 
ether  of  short  wavi-length,  p.  303),  and  are  prt^sumubly  produced 
like  the  latter  by  the  impacts  of  the  electroiM  on  the  surrouudiug 
matter. 

The  helium  atoms  are  alinoxt  all  stopped  by  n  sheet  of  paper  or 
by  uluiiiinium  foil  0.1  mm.  thick.  The  eleetrunn  have  greater 
penelraling  |)ower,  many  pn^ng  Ihrougli  gold-leaf,  but  bdng 
practically  all  ikwtroyed  by  a  sheet  of  nluminium  I  cm.  thick. 
Tlie  gauima-rftyN  (X-rays),  however,  are  able  to  penetrate  rela- 
tively thick  layers  of  metals  and  other  materials  of  low  atomic 
weight. 

One  of  the  most  striking  facts  is  that  the  stojipage  by  the  air 
of  80  many  rapidly  niovinn  particles  results  in  the  jiroduction  of 
much  heat.  One  gram  of  radium  would  produce  ahout  120  eol. 
]>er  hour. 
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Dhhiiegmtion.  —  The  emission  of  atoms  of  helium  and  of 
electrons  was  first  explained  by  Rutherford  (1902-3),  then  of 
McOill  Utuversity,  Montreal,  as  lieing  due  to  the  spontaneous 
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diaint«Kration  of  the  atoms  of  uroaium,  radium,  and  other  radio- 
active elementA.  Thus,  Rutherford  was  the  first  to  ahow  that 
radium  compounds  produced  a  gasi-ouit  substauce  called  the 
radium  emaoation  (niton),  which  wiu  the  residue  left  after  tbo 
emiBsion  of  one  atom  of  hcHuni  from  ho  utom  of  radium,  lliis 
gas  waa  itself  radioactive  and  undenvcnt  further  disiotegration, 
depositing  a  solid  radioactive  residue  on  bodies  in  contact  with 
it.  Furthermore,  every  known  unmtum  ore  contiunH  radium 
(iCcCoy)  and  radium  cnuuuitiou  (BoHwood)  in  amounts  propor- 
tional to  the  uniniutn  contt^ut.  Wso,  after  the  radium  ha«  been 
removed,  the  pure  uranium  compound  ^vcs  olT  at  first  only 
cr-particles,  but  griwlutvlly  rtK'Uvem  ita  whole  nulioHctivity  and 
is  then  found  to  contain  riuliuiti  oinnnntion  unco  more  (Soddy). 
It  thus  appears  that  uranium  ia  the  stjutinK  l>uint,  and  that  tho 
di«ntegratiuii  proceeds  by  steps,  producing  a  number  of  diffonxit 
products.  Each  of  the«<e  is  formed  from  one  audi  product  and  by 
di^nte^ation  furnishea  another. 

I'ulike  ordinary  chemical  change,  the  rate  of  disintegration  is 
not  affoctetl  by  conditions.  It  can  neither  be  started  nor  stopped 
at  will.  It  is  no  more  vigorous  at  2000°  than  at  -200*.  Other 
cliange.t  occur  belu-een  atoms,  these  wilAin  each  atom. 

The  law,  due  also  to  Rutherford,  describing  the  rate  at  which 
any  one  radioactive  element  disintegrate  ts  simple.  Only  a 
certain  fraction  of  the  whole  of  any  one  specimen  undergoes  the 
change  in  unit  time.  Thus,  iu<  th«  total  amount  duniniahcs  be- 
cause of  the  change,  the  amount  ehjinging  during  the  next  unit 
of  time,  being  a  constant  fraction  of  the  whole,  must  be  less. 
Ifenee  an  infinite  time  would  be  required  for  the  complete  diMD- 1 
tegnition  of  any  one  specimen.  For  Convenience,  then-fore,  it  ia 
sometintes  the  cutftorn  to  give  as  a  epeciiie  propi-rty  of  e4ich  radio- 
active element  the  lime  required  for  the  decAV  of  half  its  amount 
and  ihercfoR-  the  loss  of  hijf  of  its  rrMliiKict ivily.  Mon^  umi.illy, 
the  prui>erly  given  m  the  one  cidled  the  average  Uf*  of  tha  •]«mant. 
The  value  of  this  is  equal  to  the  inverse  of  the  fraction  disinte- 
grating per  unit  time,  and  is  about  1.44  times  the  period  of  half 
ctumge.  NumericAlly  it  is  the  sum  of  the  separate  periods  of 
future  existence  of  all  the  atoms  divided  by  the  number  of  such 
atoms  present  at  the  starting  point. 

Radium  emits  helium  atoms  at  the  rate  of  3.4  X  10"*  per  gram 
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per  second.  FVom  this  tnH,  w«  mn  cftlculAt«  its  averager  lifp 
be  about  2400  ytmn.  Hveic^,  if  it  tvc-re  iiol  continuously  bcitig 
produced  (from  uranium),  the  wholif  supply  would  hnve  been 
exliuustcd  long  before  the  csrth  mched  a  habitable  oonditJoD. 


Thv  t'rtuuum  Croup  of  Rnttioacitve  Elements.  —  The  fol- 
lowing Rhows  the  various  elements  produce<l  from  uranium  by 
sucrpiwive  disijitPKrattons.  When  a  helium  atom  or  an  electron  is 
ex[>elIiMi,  the  fact  is  shown  by  the  symbols  He  and  «,  respectively. 
The  first  number  below  each  element  is  the  average  life  of  that 
member  of  the  aeriea  (y  =  year,  d  =  day,  h  =  hour,  m  =■  ininut«, 
8  =  second).  The  second  number  is  the  atomic  u-dght,  obtained 
by  subtracting  from  the  at.  wt.  of  uranium  (238.2)  the  wd^t  (4) 
of  each  helium  i^toin  emitted. 


U,      -.H.+U-X,    -.e+U-X, 

OVt-  USd-  l.Um. 

IM.l  »U 

•He+Ra     -.Hfl+Niton 


>t  +Ra-C  -.(    +Rji-C, 


KIDI. 


Id** 


JI4  >ll 

.«  +lta.F--Hfl+Pb(end) 
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—»&+ Ionium 
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—  H«+Ilii-B 

U-Sin. 
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-*«    +Ra-E 
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A  purified  salt  of  uranium  recot'ers  half  its  actinty  in  about 
three  weeks,  and  reaches  full  equilibrium  in  from  six  motitlis  to 
a  year.  An  equilibrium  is  attained  when  the  speed  at  which  each 
disintegration  product  is  being  formed  is  balanced  by  the  equal 
spared  with  which  it  is  {Hissing  into  the  next  memlwr  of  the  serio. 
The  complex  operjitions  retjuiri'd  for  studying  all  the  members 
of  the  series  eunnot  be  given  here.  It  may  be  8ai<l,  however, 
that  a  pure  uranium  salt  in  solution  ^vce  with  ammonium  car- 
bonate a  precipitate  which  is  wholly  soluble  in  excess  of  the  re- 
agent. After  about  a  yc«r,  another  jxirlion  of  the  same  specimen 
leaves  a  slight  precipitate  which  is  insoluble  in  excess  and  contains, 
the  products  of  tUsintcgration,  chiefly  U-X  which  was  first  obtain« 
in  this  way  by  CVookes. 
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Tbv  radium  emanation  waa  shown  by  Hamsay  to  be  one  of  the 
uii.Tt  giises  (p.  337),  anil  v/ag  renamed  niton.  Ite  dengity  waa 
dcU-niiiii<.-d  experimentally  with  a  miiall  ttaniple,  iising  a  micro* 
balance  capable  of  weighing  to  1/500,000  mgni.,  and  found  to  be 
222.4  (deiuuty  of  oxygen  ^  32). 

The  end-product  of  the  disinte^ation  is  lead,  and  all  uranium 
ores   contain   lend,     l^ad   from  other  sources  gives  a  chloride 
PbCl,  in  which  207.20  parts  of  lea«l  are  combined  with  2  X  35.46 
parts  of  chlorine.     The  atnmii;  weij^ht  207.2  cannot,  however,  be 
rvuchcd  by  siilitractiiiR  a  whole  number  of  atomic  wei^ts  oSl 
helium  from  the  atomic  weight  of  uranium,  the  number  20G  l)eing^ 
obtained  inrtead.     Recently,  lead  chloride  prepared  from  the  lead 
found  in  various  oree>  of  uranium  has  been  analyze*]  by  Richards 
of  Harvar<l,  a»  well  as,  independently,  by  two  other  chemiita, 
and  the  atomic  weight  of  this  lead  was  found  to  be  fron]  200.4  to 
206.8  in  diiferent  Ramples.     ThiB  lead  chloride  has  properties! 
identiad  with  those  of  ordinary  lead  chloride  and  is,  therefore,  byi 
definition,  the  same  subatani^e.     Hence  theat-  investigations  have 
revealed  the  first  known  exception  to  the  law  of  definite  pro- 
portions. 

Since  the  initial  (V)  and  final  (Ph)  materials  are  both  electri- 
cally neutral,  it  must  be  assumed  that  at  some  stages  more  than 
one  electron  per  atom  is  expelled.  8Hc+*  are  lost  and  therefore 
16«-. 

Additional  Data. — The  yield  of  radium  is  vcrj' small.  6000  kg. 
of  pitchblende,  after  extruetion  of  the  uranium,  j-icJd  about 
2000  kg.  of  residue  This  afTordf)  about  6  to  8  kg.  of  the  mixture 
of  radium  and  barium  sulphntos,  from  which  0.2  g.  of  pun'  radium 
bromide  can  be  prepared. 

One  gram  of  uraniuui,  after  it  has  produced  the  equilibrium 
proportion  of  radium  (about  3.2  X  10~'  g.),  ^vcs  off  helium  at 
tho  rate  of  I  o.c.  in  sixt^wn  million  years.  Siuct;  the  uiinend 
ffrgu«>nit«  contaimt  20  e.c.  of  occuirmlaled  helium  for  every 
gram  of  uranium,  the  sample*  of  thi«  mineral  must  be  at  leust 
416  million  yeun  old. 

The  complete  disintegration  of  1  c.c.  of  niton  to  lead  would 
deliver  about  aeven  million  calories,  but,  of  coun«;,  the  liberatioa 
of  the  heat  would  be  spread  over  a  great  length  of  time 
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Chemicat  Actiwui  of  the  "Rays." — The  radiations  which 
arc  most  active  in  ionizing  air  antj  in  acting  upon  photographic 
plates  are  the  a-particl(».  Thene  particlox  alno  cause  tbe  Saafaee 
of  light  when  they  encounter  sine  fltilphirle.  The  radiaiioDB 
change  the  colors  of  minerals,  including  gems,  and  give  a  deep 
violet  color  to  the  gUutg  tutM"  containing  the  specimen.  They 
alao  turn  atmospheric  oxygen  in  part  into  ozone  and,  iii  solution, 
produce  tracefl  of  hydrogen  pa^ixide  in  the  water. 

The  radiations  also  destroy  minute  organisms  and  kill  the 
of  the  skin,  producing  sores.     They  have  boon  t'mplo>x'd  in 
treatment  of  lupus  and  of  super6cial  cancerous  growths. 


tion. 


Other  Radioactive  Series,  —  Thorium,  found  (w  phosphate 
in  monaEite  sand,  is  also  radioactive  and  furiii8hi>8  a  scries  of 
disintegration  products.  Tbe  final  material  is  a  salt  of  lead. 
Annlyius  of  the  chloride  of  lead  made  from  traces  of  the  element 
found  in  nil  thorium  minerals  shows  that  the  atomic  wt^ht  (Soddy) 
is  208.4,  while  thnt  of  ordinary  I«id  ts  207.2.  The  atom  of  thorium 
(at.  wt .  232.4)  thus  loses  fiHc  ( =  6  X  4  =  24)  during  the  diait- 
tegration.  Tliorc  arc  thus  three  chlorides  of  lead  with  identical 
properties,  but  ditTcrcnt  compositions,  uiunely  the  common  un« 
207.2  :  2  X  35.46.  that  from  radium  206  :  2  X  35.46,  and  Uiat 
from  thorium  208.4  :  2  X  35.46. 

Actiaiuin  and  puloriiuTii  are  also  radioactive  clementd,  whidxi 
have  not  yet  been  fully  invejitigftt^-d.  The  former  apppjirs  to  l>e 
formed  by  a  second,  paralU-l,  i.liaintegrfttion  of  I'l,  and  the  latter 
m  a  similar  way  froni  Ra-E.  Compounds  of  potassium  and 
rubidium  show  traces  of  radioactivity. 
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Signijicanee  of  Radt4Miclivity.  —  The  Brownian  movement 
(p.  4lft)  has  revealed  to  ua  l>0dips  intermediate  between  ordinary 
particle.^  and  single  molecules,  and  has  enabled  us  to  estimate 
the  actual   weight  of  molecules.      Radioactivity  enables   us  to 
count  charged  molecules  of  hdium  as  they  enter  the  electroscope 
or  produce  flashes  of  light  on  one  sulphide,  and  tbe  fog-tracks 
permit  us  to  follow  their  movements.    There  is  thus  now  no  h 
question  that  molecules  and  atoms  arc  real.     Furthermore,  we  ^ 
infer  that  all  kinds  of  atoms  are  composed  of  a  positive  nucleus      ' 
(p.  304)  surrounded   by  electrons,  ultbuugb  only  the  atoms  of 
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nulJoactivtt  elemeDto  are  un»1abte.  The  tUametPr  of  the  positive 
nucleiifl  of  a  hydrogoii  atom  i»  oalciiInte«l  to  Ik*  attout  i^g  of 
that  of  an  electron,  Rutherford  has  confirmed  ttiis  by  actual 
measurement.  The  atom  is  thus  no  longer  regarded  88  being 
solid  and  contuiuoiu  in  structure.  It  ia  mainly  a  vacuum,  con- 
taining a  few  relatively  very  minutt^  bodice  pos«cs»ing  wpiglit.  The 
fact  that  a-particlcfl  are  thus  able  to  plough  their  way  through 
molecules  of  oxjg«n  and  nilrc^-ti,  Ixring  diverted  from  a  xtraiKht 
path  only  when  they  happen  to  paaa  very  cloee  to  the  positive 
nucleus  (which,  of  course,  repelti  tlie  po«itive  o-partidea),  is  no 
longer  mysteriouH. 

Anotiier  interesting  conclusion  has  been  reached  from  the  ob- 
servation that  niton  is  found  in  the  soil  and  iu  many  natural 
waters.  C'alculation  shows  that  the  heat  given  off  by  the  disin- 
tcgratiou  of  the  amounts  of  radioactive  matter  known  to  cxtsfcl 
in  th«  cruRt  of  the  earth  is  alone  sufltoient  to  account  for  the 
maintenance  of  the  temperature  of  the  phinet.  A  globe  of  the 
elxi^  and  material  of  Die  earth,  pog«<es.'*ing  originally  only  heat 
^energy,  and  cooling  from  a  white  hot  condition  to  the  temperature 
of  interstellar  space,  would  have  pa^^sed  through  the  stage  of 
habitable  temperatures  in  a  much  sliortcr  time  than  that  wliicb 
R  study  of  the  geolo^cal  di-posits  (and  the  fossils  they  contain) 
show  to  have  been  actually  available.  The  discovery  of  the 
enormous,  but  gradually  rclea.'ted  dUintegration  energy  of  the 
radioactive  elements  enables  us  now  to  explain  the  prolonged 
period  during  which  life  lias  exbted  on  the  earth. 

Bxtretmt*.  —  1 .  Construct  equations,  showing  the  interactions  of ::, 
(a)  chromic  oxid«  and  alUQunium,  (b)  strontium  nitrate  and  pc^a^ 
sium  dichromate  in  solution,  (c)  potassium  hydroxide  and  chromic 
hydroxide,  and  the  reversal  on  boiling,  (rf)  chlorine  and  potasaium 
cliromite  in  excess  of  alkali  (what  is  the  actual  oxidizing  agent?). 

2.  What  volume  of  oxygen  at  0*  and  760  mm.,  (a)  is  obtain- 
able from  one  formula-weight  of  potassium  dichromate  (par.  4, 
p.  509),  (ft)  is  required  to  oxidixe  one  fonniila-w«ight  of  chromoug 
chloride? 

'.i.  To  what  classes  of  actions  should  you  assign  the  three  methods 
of  making  chromic  oxide  (p.  C03)? 
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4.  Make  equAtic«iB  for  all  the  reactions  involved  in  the  prepa- 
ration of  Bodium-diuraDate  from  pitchblende. 

5.  How  many  candle  power  will  be  obtained  from  50-watt 
carbon  and  tungsten  filament  lampe,  respectively? 

6.  Point  out  the  resemblance,  and  the  differences  between  the 
reactions  of,  (a)  gold  with  aqua  regia,  (b)  calcium  oxalate  with 
hydrochloric  acid,  (c)  barium  chromate  with  nitric  acid  (p.  601). 


CHAPTER  XUV 
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The  Chemimt  Reiationa  o/  thm  Ef^ment.  —  Maitgaiifise 
stands,  at  preecnt,  hIouc  on  tbc  left  wdc  of  th«  eighth  wlumn  of  the 
periodic  tabic.  The  right  side  in  occu[»fd  by  the  halogens.  It  is 
never  univalent,  us  ore  the  hulogcns,  but  ita  lieptoxidc  MdiOi  and 
ihe  correepondiug  acid,  pcnnuigiLaic  acid  HMnOi,  unr  in  many 
waj-B  cIo9«Iy  related  to  the  hcptoxide  of  chlorine  and  perchloric 
acid  HCIO*.  Of  the  lower  oxides  of  manganese,  MnO  is  btt«c, 
and  MiijOi  feebly  basic.  MtiOt  i«  feebly  acidic,  MnOi  more 
etrou^y  bo,  and  permanganic  acid  (from  MojOr)  is  a  very  active 
acid.  Contrary  to  the  babit  of  feebly  acidic  and  feebly  basic 
oxidee,  such  as  those  of  zinc,  aluminium,  and  tin,  the  basic  oxid 
of  manganese  are  not  at  all  addic,  and  the  acidic  oxides,  with  tbo' 
exception  of  MnOi,  are  not  alno  basic.  There  are  thus  tJie  five 
following,  rathp-r  well-defined  sets  of  compounds,  showing  five 
different  valences  of  the  element.  Of  these  the  first,  fourth,  and 
fifth  am  the  most  stable  and  the  most  important. 

1.  Uantanout  eooapoondi,  MnO,  Mn(OH)i,  MnSO*,  etc. 
These  compounds  resemble  those  of  the  magnesium  family  (and 
those  of  Fe"*^) .  The  salts  of  weak  acids,  such  as  the  carbonate  and 
sulphide,  are  easily  made,  and  there  is  little  hydrolyHJa  of  the 
haUdeA.     The  salts  are  pale-pink  in  color, 

2.  Mancanlc  oomi>ouiida,  Mn,Ot,  Mn(OH)t,  Mnt(SOt)i,  [MnCla]. 
The  iuilts  resemble  the  chromic  and  aluminium  salts  in  behavior, 
hut  are  even  less  stable  than  those  of  quadrivalent  lead.  They  arc 
completely  bydrolyied  by  little  water.  Tlic  iia]t«  arc  violet  in 
color. 

3.  HancanltM,  MnOt.  n,MnO,,  CnMnOj.     The  alkali  iniuig»<|| 
nitesare  t-trongty  hydrulj'zetl,  like  the  plumbates  and  the  stannatcs. 

4.  Macgasatm,  Mnd,  Ht\fnOt,  KtMnO*.  Tlie  salts  ratcmbla 
the  sulphates  and  ehromatcv.  but  are  much  more  easily  faydrolyicd. 
The  free  actd  naembles  chloric  aei«l  (p.  314)  in  that,  when  it  d» 
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compotses,  it  j-ields  a  higher  acid  (HMuOj)  and  a  lower  <Bdde 
(MnO-i).     The  salts  arc  grct-n  in  cotor. 

5.   P«nnui««nftt«s,   MnjO?,  HMdO«  fhydr)%t«d),  KMqO<. 
sHltit  resemble  the  pcrehlomtex,  ami  uru  not  hydrolyzcd  by  water. 
They  are  reddi;;h-purplc  ui  color. 

It  will  be  seen  that  the  element  miingiuici<x.-  changce  it«  cbaracter 
totally  with  chRnge  iii  vulenoe,  ami  in  vuch  form  of  combination 
rottenibleo  some  M.-t  of  elements  of  vnlcncc  identicul  with  thut  which 
it  has  itself  asBUiiied-     Since  the  valc-uce  mpresi'iits  the  tiuiubcr  of 
electrons  giiiniil  ur  lost  by  each  atom  (p.  322),  it  is  Ihiu*  evident 
thut  the  chemical  pro^KTrtic^  of  an  element  depend  inure  upon . 
the  dectrical  coustitutiuii  of  it,»  atom  than  upon  the  atomic  weight,  i 
The  latter  ia  a  secondary  property,  dependent  on  the  formerj 
(cf.  p.  3W). 

(hrtrurrvnrp:  the  M0U1I.  —  The  chief  ore  13  the  dioxide,  pyro- 
liwite  MiiOj,  which  always  contains  oompoiintU  of  iron.  Other 
nian);anc.'<e  minerals  are:  braunite  MniOi;  the  hydralcd  form^ 
nianKanite  \In(>(OH);  haii»mannite  MniO*;  and  man^aiie^  spar 
Mnt'O,.  The  metal  is  most  easily  made  by  rethicing  one  of  the 
oxides  with  aluminium  by  Goldschmidt's  method. 

The  metal  manganese  (m.-p.  12*iO)  has  a  grajTsh  luster  faintly 
tinged  with  red.  It  is  o^dized  superfR'ially  by  air,  and  easily  dis- 
placot  hydrogen  from  dilute  acid?,  giving  marig:uious  salts.  Its 
allovit  with  iron,  such  as  .tpie(ccl  iron  (.'>-l.'>  per  cent  Mn)  and  ferro- 
manganeae  (70-80  per  cent  Mn),  are  made  by  using  manganase  ores 
with  the  charge  in  the  blast  furimce,  and  are  adde<i  to  the  iron  in 
making  special  .steels.  Manganw  stssl  (7-20  per  cent  Mn)  is 
oxcet^lingly  hard,  even  when  cooled  slowly.  It  is  used  for  the 
jaws  of  rock  crusliing  machinery  and  for  burglar-proof  safes. 
Wire  made  of  an  alloy  called  manganln  (Cu  8-1  per  cent,  Ni  -t  per 
cent,  Mn  !2  jiercent),  invented  by  Weston,  i.'*  used  i«  instruments 
for  making  electrical  mea-Huremenls,  because  its  resistance  docs 
not  alter  with  moderate  elianges  in  temperature. 

Oxide».  —  Man(«nouB  oxid«  MnO  is  a  green  powder,  nude  byl 
reducing  any  of  the  other  oxides  with  hydrogcfl.  Haiumannit*  | 
MnaOt  is  dull  red.  An  oxide  having  this  composition  Ls  formed  j 
when  any  of  the  other  oxides  is  heated  in  air,  oxidation  or  reduction. 
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as  the  cAee  may  be,  Cnkinf;  plsoe  (</.  p.  575).  Manymlc  osido 
Mnid  ifl  brownish-bla«k,  and  ia  formed  by  beating  any  of  the 
oxides  in  oxygen. 

MancaoeH  dioxide  MnOg  m  black,  and  ia  most  easily  [nep&red 
in  pure  condition  by  gentle  ignition  of  manganoua  nitrate.  The 
hydroted  forms  of  the  oxide  are  produced  by  precipitation,  as  by 
adding  a  hypochlorite  or  hypobromitc  to  maoKanous  hydroxide^ 
»U8[)ende(I  in  water.  Maiigane«<e  dioxide  in  not  a  peroxide  in  the 
re*trict«d  .wnee  (c/.  p.  223).  That  is  to  say,  it  does  not  contain  the 
radical  Og"  and,  therefore,  does  not  pve  hydrogen  peroxide.  Ita 
reaction  fornuila  is  Mn(())g  not  Mn(Ot}  and  in  doubk  deconipoa- 
tions  it  yields  only  water  Hi(()).  It  is  used  for  roaniifacturinc ' 
chlorine,  although  electrolj-tic  processes  are  now  driving  it  out  of 
this  fieki.  In  tflass-makinK  (q.v.),  it  is  employed  to  (Hodize  the 
jtreen  ferrous  silicate,  derived  from  impurities  in  the  sand,  to  the 
pale-yellow  ferric  compound.  The  amethyst  color  of  the  manganic 
silicate  which  is  formed  tends  also  to  neutralize  this  yellow.  It  ia 
mixed  with  black  paints  as  a  "dryer"  (oxidizing  agent). 

lIanc»Q«M  trioxld«  MnO]  i:^  a  red,  uu»tu.ble  powder.    MangaDw* 
iMptOXld*  Mni<J:  in  u  bntniikh-greeii,  volatile  uil  {hl-v-  betow). 

When  any  of  these  oxides  is  heated  with  an  acid,  a  mnnganoua 
salt  is  obtained.  Suits  of  thi^  chuui  arc,  in  fact,  the  only  stable  sub- 
stances in  which  mungiinese  is  combined  with  an  aeid  radical.  In 
this  action  the  oxides  containing  incirc  oxygen  than  doi^H  MuO  ^vu 
off  oxygen,  or  oxidize  the  acid  (i^.  p.  137).  When  the  oxitle»  arc 
heated  with  bases,  in  the  presence  of  air,  manganatcs  are  aIwid-s 
fofined.  la  this  caw,  with  oxiiIc«  containing  a  smaller  proportion 
,  of  oxygen  than  MnOj,  oxygen  is  taken  from  the  air. 


Manganott*  Compottnds.  — The  manganouH  salt«  are  formed 
by  the  act  ion  of  acii|.f  iijjon  the  carlxinate  or  any  of  the  oxides. 
TInw  the  chlorid*  Mn(;ij,4Hi<)  w  obtained  in  pale-[»nk  cry 
from  a  solutiuti  niaile  by  treating  the  dioxide  with  hydrochloric  i 
and  driviitg  off  the  chlorme  liberated  by  oxidation  (p.  158).  Thsl 
hydroxide  MnfOH);  U  formecl  as  a  white  pmeipitate  when  a  soluble 
biu^e  is  added  to  a  solution  of  a  manganous  salt.  This  body  posses 
into  solution  when  ammonium  salts  are  added,  and  cannot  be 
precipitated  in  tlicir  presence  on  account  of  the  formation  of 
molecular  ammonium  hydroxide  and  the  suppression  of  hydroxide* 
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icm  (^.  tnagnctiium  hydroxkli-,  p.  525).  Tbc  h>-<]roxide  quickly 
durkciu  wlien  exposed  to  tlw  lur  and  p«uuc8  over  into  h>*drfttvd 
mivngnnic  oxide  MnO(OH). 

Huiguioui  lulphKto  gives  pink  eryvtub  of  u  hydrate.  Bolow  6° 
the  !*olutiijn  di-]"'!sit><  MnS().,7H|0,  wliirh  is  ii  vitriol  (p.  52t>). 
Between  7"°  and  20°  the  product  is  MriSOi,5H20,  ftsyiuiiietric  atid 
resembling  Cu80»,5H»0.  Above  25°  mouogymnielric  prisnis  of 
MriSOt,4HjO  are  <>Mjiiiie<l.  These  Iiydmt^s  linve  ilifferpnt  nqucous 
t^naioiie  ami  may  he  formed  from  one  nnoMie-r  liy  lowering  or  raising 
the  pressure  of  wat*r  vapor  armmd  the  siiltstance  (p.  96). 

HanganouB  carboiutu  Mn(?Oi  la  a  while  powder  formed  by  jsre- 
eij>itation.  'i'he  sulphide  MnS  is  obtained  aa  a  green,  crystalline 
powder  by  leading  Ijydrogen  sulphide  over  any  of  the  oxides.  A 
Seah-colored,  amorphous  maocBaous  mlphlds  MoS  (often  some- 
what hydrivtcd)  is  more  familiar  and  is  preeipitat^d  by  tunmonium 
sulphide  from  manganous  salts.  It  intcraets  with  mineral  acirla 
ami  even  with  acctie  aci<l,  so  tliat  it  camiot  be  preeipiUited  by  the 
action  of  hyfirogen  sulphide  on  salts  ((/.  p.  630).  When  rubbed  in 
a  tnortar  it  becomes  crystalline,  and  in  then  green. 

The  mangimuus  salts  of  vwak  aeids,  such  as  the  carbonate  and 
Hulpbiile,  «larkeii  when  exposed  to  air  and  are  oxidiKcd,  with  forma- 
tion of  hydrated  miuigiinie  oxide.  An  we  have  seen,  niung&nous 
hydroxide  is  aimiliirly  oxiilized  itnd  thtvc  salts  arc  precisely  the  ones 
which  should  furnish  the  hydroxide  by  hydrolysis.  While  there  ia 
8  general  reisemblauee  between  the  muugfuious  salts  and  the  stao- 
nwis,  chromous,  and  ferrous  Btilt.s,  the  manganous  salts  of  active 
aci(U  arc  not  oxidized  by  the  air  as  are  tlie  corresponding  salts  of 
the  other  three  metals. 

Man/iantc  CMmponnds.  —  The  base  of  tJiis  set  of  compounds, 
ma&«ajUc  hydroxide  Mii(OH)t,  is  slowly  deposited  by  tlie  action  of  J 
the  air  on  an  ammonLiial  .Kohition  of  a  manganous  salt  in  salts  of 
amniomum.     M&nc&nic  chloride  AInCli  is  present  in  the  liquid  ol>-j 
tttined  by  the  action  of  hydroehloric  aeid  upon  manganese  dioxid^] 
{(f.  p.  158),  but  loses  chlorine  very  readily. 

Manganitea.  —  Although  naanganene  dioude  interacts  when 
fusccl  with  potassium  hydroxide,  simple  salts  derived  from 
H»MaO,  (=  U,0,MnOO  or    H4MnO*(=  2H»0,MnO,)  are    not 
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formed.  The  products  are  complex,  as  EtMmOu.  Some  less 
.complex  mangurtiU's  arc  formui  by  loixuig  luaogaooufi  chloride 
solution  with  slaked  Umo,  and  blowing  air  through  the  maEs  of 
calcium  and  mang&nous  hydroxides  which  is  thufi  obtained.  Man- 
gsniteB  of  calcium,  such  as  CuMnOs  (=  CaO,MnOi)  and  C'aMniOt 
(=  CaO,2MuO])  arc  thus  formed; 


Ca(OH}j  +  2Mn(0H),  +  0»  -*  CaMn,0»  +  3H,0. 


Hwith  poteuvium  carbonate  and  potawiium  nitrate,  a  grtien  mass  is 
^K  obtained.    The  green  aqtieoua  extract  deposits  potauium  man- 
gicat*  K]MnO«  in  rhombic  crvHtalit,  which  are  of  tht*  same  form  as 
those  of  potaKHium  sulphate,  and  are  almost  black: 

K,CO,  +  MnO,  +  O  -» KiMnO*  +  OOj. 

'The  acid  HiMnO*  is  itself  unknown.    The  potassium  salt  remains 

unchanged  in  solution  only  in  presence  of  free  alkali.     AVhen  the 

icentration  of  the  hydroxi<lD-ion  is  reduced  by  dilution,  or,  belter 

till,  when  a  weak  acid  such  as  carbonic  acid  or  acetic  acid  is  used 

to  neutralize  it,  the  salt  ts  deoompooed  according  to  the  following 

I  equation: 

3KiMnO,  +  2HiO  -♦  4E0H  +  2KMn04  +  MnO,. 

That  is,  a  precipitate  of  manganese  dioxide  and  a  solution  of 
potassium  permanganate  are  obtained.  To  make  the  cquatiuo 
(pp.  322-324),  we  note  that  in  KiMn04  we  have  2K>  and  40=  and 
therefore  Mnttt  to  wtcure  clcctricMl  iicutndity.  The  latter  lK<eomea| 
MnttJ^  and  Mutt,  Arithmcticnlli'  3Mnt»  will  give  2Mnl 
and  iMntl.  Hcnoe,  3KiMn04  are  required,  and  2KMnO,  and 
iMnOi  produced.     In  terms  of  the  ions  the  equation  is  simpler: 

3MnO.=  +  2H*  -.  20H-  +  2MnO,-  +  MnO,. 

Ptfrmartffanaten.  -■  Potassium  pmnanffanau  KMnOj  is  made 
by  decomposition  of  the  nmiigaiiutc  !is  shown  above,  and  is  ob- 
tained, in  purple  crystals  with  a  greenish  luster,  by  evaporation  at 
the  solution.  To  avoid  the  loss  of  inatigatiesc  thrown  down 
dioxide,  the  action  is  carried  out  commercially  by  passing 
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through  the  solution  of  the  manRanate:  2KiMi)0(  +  Qi  + 
HtO  -•  2KMnO<  +  <>>  +  2K0H.  Sodium p«nittB(uaM«  XttMnOt 
ill  mtulu  iu  A  similar  manner.  It  in  not  obtainable  in  Rottd  form,  but 
its  solution  is  known  as  "Candy's  disinfecting  fluid."  This  liquid 
tiwisi  it»  properties  to  the  oxidising  power  of  the  salt.  P«nain- 
stoic  add  i.«  a  ve.ry  active  a<-id,  that  is,  it  i^  highly  ionised  in 
a<(UM>us  solution.  A  eiolid  hydrate  of  the  acid  may  be  secured  in 
reddiiili-bronii  cnititals  by  adding  sulphuric  acid  to  a  aoliition  of 
barium  permanganate  and  allowing  the  Bltrate  to  evaporate: 

Ba(Mn04)i  +  H,SO.  +  xHiO  s=t  BaSO*  I  +  2HMnO*^H»0. 

This  hydrate  decomposes,  on  being  warmed  to  32°,  and  yields 
oxygen  and  inanganew  dioxide  When  a  vorj'  little  dry,  powdered, 
potassium  permsngnnnt^;  is  moistvncd  with  concentrated  sulphurid 
acid,  brownish-green,  oily  drops  uf  pvmuuigank  anhjdrid*  (man* 
gaoese  heptoxide)  MiiiOr  an.-  formed,  Tliis  conipinmd  is  volatQe,' 
giving  a  ^'iolet  vapor,  and  is  apt  to  decompose  explosively  into 
oxygen  and  miinganose  dioxide.  Tt«  oxiditiiut  power  la  8uch  that 
combustibles  like  paper,  ether,  and  illuminating  gas  are  set  on  Gie 
by  eontnet  with  it.  ^H 

Pota*aium  Prrmanganatr  an  an  Oxidlalng  Agtnt.  —  Tlie 
actions  are  different  acconling  as  the  substance  is  employed  (1)  io 
acid,  or  (2)  in  neutral  solution. 

1.    In  presence  of  an  acid,  and  an  oxidizable  body,  a  numganous 
Biilt  is  always  formed.     'l"he  schematic  equation,  MnjOr— '2\InO+ 
50,  shows  that  every  two  molecules  of  the  permanganate  yield  50 
fur  oxi<lieuig  purposes.     Thus,  when  sulphuric  acid  is  addeil  to     I 
potassium   permanganate  solution,  and  sulphur  dioxide   is   ted_ 
through  the  mixture,  we  have: 

2KMn04  +  3H,S0,  -  K»S04-|-2MnSO,+3H,0(-|-50) 

(50)  +  oH^SO,  -*  5H>St), ^___ 

2KMnO*+3H»SO.+ SHiSOj  —  K,SO«-|- 2MnS04  +  3H,0+ 5H^( 

In  this  case,  since  sulphuric  acid  L*  a  product,  the  preliminary  addi- 
tion of  the  acid  was  superfluous.     In  other  caseji,  the  partial  equ 
tion  (1),  showing  the  available  50,  reni^ns  the  .tame,  while 
other  partial  equation  varies  with  the  substance  being  oxi< 
Thus,  with  hydrogen  sulphide  as  reducing  agent,  we  have: 

(0)+H^-*H,0  +  8  X6 
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and  with  femms  sulphate,  we  get  ferric  sulphste:  d 

K  2Fe80i  +  H»S04(+  O)  -.  Fe%(SO0,  +  HaO      x  5         (2") 

As  before  (2')  and  (2")  must  bo  multiplied  throughout  by  five, 
bf^forv  sumniatioii  la  mndc  (see  slso  p.  225). 

The  quiiiitity  of  a  ferrous  ealt,  or  of  hydrogen  peroxide  (p.  225) 
in  a  sample  of  a  solution  timy  be  measured  by  titnvti]^  (p.  257)  the 
solution  with  u  standiu'd  solution  of  putaK^iuiu  pcTmanganate  until 
the  color  ceases  to  be  destroyed,  and  then  noting  the  volume  used. 
For  iron,  the  sliindard  solution  may  be  prepared  so  that  1  cc.  will 
oxidixe  0.01  g.  of  Fo*+. 

2.   When  dry  potassium  permanganate  is  heated,  it  deoomposQSJ 
as  follows:  J 

2KMr04  -*  &MnO«  +  ftbiOi  +  Oi.  | 

Tbe  neutral  solution  oxidizes  substances  which  are  reducing  agents. 
Tlie  fingers  arc  stained  brown  by  an  aqueous  solution,  receivbg  a 
deposit  uf  manganese  dioxide,  in  consequence  of  tbe  reducing 
power  of  the  uiiattible  organic  suljstanccs  in  the  skin.  The  de- 
struction of  [uitiiile  organisms  by  Condy's  fluid  rntults  from  a 
similar  action.  When  the  powdered  salt  is  moistened  with  glycer- 
in^ the  mass  presently  bursts  into  flame.  i 

H     Analytiral  Reactiona  of  ^fanf!anese  Compounds.  —  Tim 

^ions  eomnM>nly  encountered  are  manganous-ion  Mn"^*^,  which  ig" 
very  pale<pink  in  color,  permanganate-ion  MnOt~,  which  is  purple, 
and  manga nate-i (in  MnOo  which  is  green.  The  manganous 
compounds  give  with  ammonium  sulphide  the  flesh-K;oIored  sul- 
pliide  which  is  soluble  in  acids.  Bases  give  the  white  hydroxide, 
which  darkens  by  oxidation,  and  ia  soluble  in  salts  of  ammonium. 
All  compounds  of  manganese  confer  upon  the  borax  bead  an 
amethyst  color  (manganic  borate),  which,  in  the  reducing  flame, 
disappears  (manganous  borate).  A  bead  of  sodium  carbonate 
and  niter  becomes  green  on  account  c^  the  formation  of  the 
inanganate.  J 

Ex€rcise».  —  1.  What  do  we  mean  by  saying  that,  (a)  chromouM 
chloride  is  stable  (p.  93),  but  casil)-  oxidixed  by  the  air,  (6)  per- 
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m&nganic  acid  ia  an  active  oxidinng  agent  in  presence  of  an  acid 
(p.  622). 

2.  Formulate  the  oxidationB  of  hydrogen  Bulphide,  of  ferrous 
sulphate,  of  oxalic  acid  (to  carbon  dioxide),  andof  nitrous  acid  (to 
nitric  acid)  by  potassium  permanganate  in  acid  solution.  In  doing 
BO,  employ  the  several  methods  suggested  on  pp.  322-326. 


CHAPTER  XLV 

IRON.   COBALT,  NICKEL 

The  elements  iron  (Ke,  at.  wt.  55.&4),  cobstt  (Co,  at.  wt.  59),  and 
nlckol  (Ni,  at,  wt,  58.7)  are  not  corresponding  raembera  of  succes- 
sive periods,  like  the  families  hitherto  considered.  They  are 
neighboring  members  of  the  first  long  period,  l>Tiig  between  its  first 
aud  second  uctuvus. 

Iron  Fe 

Chttmical  Retatums  of  thr  Elenumt.  —  The  oxides  and 
hydroxides  FeC)  and  Fe((JHJi,  KejtJi  and  Fe(()H)s  are  basic,  the 
former  more  strongly  so  than  the  latter.  The  ferrous  salts,  de- 
rived from  Fe(OH)i,  resemble  thofle  of  the  maj^esium  group  and 
thoae  of  Cr*-*-  and  Mn"*-*-,  and  are  little  hydrolyrod.  The  ferric 
saltfi,  derived  from  Fe{OH)t,  resemble  those  of  Cr*"*-*-  and  Al"'-'-*' 
and  are  hydrolyzed  to  a  considerable  extent.  Iron  gives  also  a 
few  fwratoB  KsFeOj,  CaFeO,,  etc.,  derived  from  an  acid  HiFe04 
which,  like  manganic  acid  UjMnO*  (p.  621),  is  too  unstable  to  be 
isolated.  C'omplex  anions  containing  iron,  such  as  the  anion  of 
K,.Fe(f'N)(,  are  familiar,  but  complex  cations  containing  ammonia 
are  unknown. 

Occurrence,  —  Free  iron  is  found  in  minute  particles  in  some 
btisult^,  and  manj'  iiiftforitea  are  comjKJsi'd  of  it.  Mclt'oric  iron 
can  be  distinguished  frotu  specimens  uf  Ivrruitriiil  origin  by  Ute 
fact  that  it  coutains  3-8  per  cent  of  nickel.  The  chief  ores  c^  iron 
aiv  the  oxidea,  haematite  FejOi  and  magnetite  Fe^i,  and  the  car- 
bonate FeCO,,  siilcrito.  The  first  is  rcd<^li8h  and  radiated  in 
structure;  but  black,  shining,  rlionibohedral  crystals,  known  as 
speculurite,  arc  also  found.  Hydrated  forms,  like  brown  iron  ore 
2FciO),3UtO,  are  also  common.  Sidcrite  is  pale-brown  in  edor 
and  rhombohedral,  like  calcite.  Wien  mixml  with  cUy  it  forms 
irun-«rtone,  from  which  most  of  the  iron  in  (ireat  Britain,  but  less 
than  one  per  cent  of  that  in  the  ITnited  States  is  obtained.    I^rite 
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FeSi  conasl^  of  Koldeii-yt-Ilow,  stiiniiig  cubc«  or  pentagonal  d< 
abedra.  It  is  a-iod,  on  iifcouut  of  ilj?  sulphur,  in  th<>  msiiufacture 
of  sulphuric  ncid,  but,  froiti  the  oxidized  n-wdue,  iron  of  sufficient 
purity  18  obtaiiifd  with  difTiculty.  Compounds  of  iron  are  con- 
tained in  fihlorophyll  and  iu  tho  blood  (hw'niogloliin),  and  doiibtleas 
play  an  iniporlHiit  pnrt  in  conueHion  witii  tlie  vital  functions  of 
theee  suhRtancec).  Ainiiioniuni  sulphiile  blackejiii  the  Rkin,  form- 
ing ferrous  sulpliide  by  iateractJon  with  organic  compounds  of  iron 
prtttent  in  the  tissues. 

Pure  Iron.  —  Pure  iron  is  olitnincd  by  reducing  pure  fern>us 
oxalate  in  a  stream  of  hydrogvn  at  a  high  temperature.  It  is  abo 
made  by  electrolysis  of  ferrous  Kuljihtit*-  solution  at  100°  t»etween 
iron  electrodes.  It  is  silvor-whiu-  and  molts  at  l.MO".  The  purest 
iron  does  not  rust  in  pure  cold  water,  but  the  impurities  in  ordinary 
iron  act  as  contact  agents  and  rusting  proceeds. 


L 


Metallurgy.  —  The  ores  of  iron  are  first  roasted  in  order  to 
decompose  carbonates  and  oxidixe  sulj>hides,  if  these  salt««  arftj 
present.  Coke  is  then  used  to  reduce  the  oxid< 
Coal  b  unsuitable  because  so  much  heat  is  wasted 
in  driving  out  the  volatile  matter  and  moistun-, 
which  are  absent  from  coke.  Oreci  containing  Umr 
or  magnesia  are  mixed  with  an  acid  flux,  such  as 
«and  or  clay-slate,  in  order  that  a  fusible  slag  may 
be  formed.  Conversely,  ores  containing  siti*^ 
clay  arc  mixed  with  limestone.  With  pro] 
adjUGtmcnt  of  the  ingrediontit  the  process  pad 
carried  on  conlimimisly  in  a  blast  furnace  (Pi; 
136),  an  iron  structure  40  to  100  feet  high,  liO' 
with  Brebrick.  The  solid  materials  thrown  in 
the  top  are  couvertfxl,  as  Ihcy  fJowly  descc 
c-ompk'tety  into  giv^^  which  escaiw  and  liqui 
(iron  and  slag)  which  are  tapix^  off  at  the 
Fio,  ISO,  torn.  Heatedairisblowniufttthebottomthroui 

tuyeres,  and  the  top  is  closed  by  a  cone  which  descends  for  a  moment 
when  an  addition  is  made  to  the  charge.  The  ga-'tes,  which  eontmn 
much  carbon  monoxide,  are  led  off  and  used  to  heat  the  bla«t  or  i 
drive  gas-engines. 
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The  main  action  Uikes  place  )M;tw«cn  the  carbon  monoxide, 
present  in  oonsequeiice  of  the  exce^  of  carbon,  aud  the  oxide  of 
iron: 

Fe,0.  +  4C05±3Fe  +  4O0».  j 

Soee  the  action  is  a  reversible  one,  a  lurgc  i-xcess  of  carbon  mon- 
oxide is  nHiuin.>d.  At  650°,  c>quilibriuiu  iu  n>!ich(.-d  with  CO  i  CO) :: 
1  vol.  :  1}  vols.,  and  in  practice  the  proportion  of  carbon  monoxide 
used  is  Troin  twice  to  fifteen  tloieti  ns  great.  Almost  5  tOHS  of  air, 
licfttod  in  advance  to  800°,  are  required  for  each  ton  of  iron 
produced.  The  moisture  in  this  air  ads  upon  the  coke,  ^vinj; 
water-gas  (p.  386).  This  ac^tiou  uses  up  fuel,  uihI  also  low««  the 
temperature  at  the  point  whertt  it  sliould  Ixr  highest.  In  the  most 
modern  furnaces,  therefore,  the  air  is  dried  (Gayley  dr>--blflflt 
process),  with  a  saving  in  o<>ke  equivalent  to  ll.OO  (4/-)  per  ton 
of  iron  obtained.  This  illustrates  the  commercial  value  of  even 
a  single  improvement  in  a  chemiea!  operation.  If  the  Oayley 
process  were  used  with  every  blast  furnace,  au  immense  sum  would 
l)e  saved,  for  in  the  United  Stal«a  alone  30  million  tons  of  iron  are 
annually  produced  (1913).  This  i«  eonsitlernbly  over  -10  per  rent 
of  the  world's  production,  20  per  cent  Ijeing  supplied  by  Oernmny 
anil  ]!}  per  cent  by  Oreat  Britain. 

In  the  upper  part  of  the  furnace,  the  heat  (400°)  loosens  the 
texture  of  the  ore.  l-'urther  do^vn,  the  temperature  is  higher 
(■WO  900°),  an<t  the  carlxin  monoxide  reduces  the  oxJ<fe  of  iron  to 
particles  of  soft  iron.  A  temperature  high  enough  to  melt  pure 
iron  is  barely  reached  anywhere  in  the  furtmce,  but,  a  little  lower 
down,  by  Boliition  of  narlmn  in  the  iron,  the  more  fuaible  cast  iixm 
(m.-p.  about  1200°)  is  formed  and  falls  in  drops  to  the  bottom. 
It  is  in  this  region  also  that  the  alag,  essentially  a  glass  (p.  493), 
ifl  produced.  If  the  flux  had  begun  sooner  to  interact  with  the 
unreduced  ore,  iron  would  have  been  loat  by  the  formation  of  the 
silicate.  The  iron  collects  below  the  slag,  and  the  latter  flon's 
continuously  from  a  sinuU  hole.  The  former  is  tupped  off  at 
iotervuls  of  six  hours  or  so  from  a  lower  opening.  As  a  rule,  the 
iron  never  ooob  until  it  has  been  converted  into  rails  or  structural 
iron.     In  some  ciu«-.s,  it  is  made  into  "pigs"  in  a  casting  machine. 

Gut  Iron  and  Wrought  Iron.  —  Pure  iron  in  not  manu- 
factured, and  indeed  would  be  too  soft  for  moxt  purposes.    Piano- 
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wire,  however,  is  about  QQ.7  per  cent  pure.  The  product  obtained 
from  the  bluet  fiirnuce  eootitins  !)2-!)4  per  cent  of  iron  along  with 
2.6—4.3  per  cent  of  tiirbon,  often  nearly  as  mueh  siUcon,  varying 
proportionii  of  manganese,  and  some  phosphorus  and  sulphur. 
The  last  four  ingredients  arc  liberated  from  eombinjition  with 
oxygen  by  the  earbon  in  the  hottest  part  of  the  furniicc  and  com- 
bine or  alloy  themeclvt^s  with  the  iron.  Cast  iron  does  not  soften 
b(^ifuri;  melting,  as  docs  the  purer  wrought  iron  (m.<p.  1510°),  but 
melts  sharply  at  1150-1250°  according  to  the  amount  of  foreign 
nmt4:^riiil  it  cuntAiiis.  When  tmddcnly  cooled  it  gives  cbUl»<]  cut 
Iron  which  ht  very  brittle  And  looks  homogeneous  to  the  eye,  all  the 
carbon  lieing  present  in  tlic  form  of  carbide  of  iron  FcsC  (cenirotite) 
in  solid  solution  in  the  metal.  This  Roli<]  solution  is  exceedingly 
hard,  but  ve-ry  brittle.  By  slower  cooling,  time  is  permitted  for 
the  separation  of  |)ai't  of  the  carbon  a.t  graphite,  whid)  a|>peai«  in 
tiny  black  scAlea,  and  gnj  cast  Iron  n'-Aults.  ThiR  mixture  m  much 
softer,  on  account  of  the  amount  of  frei>,  relatively  pure  iroQ  whicb 
it  contains. 

Cast  iron  is  uied  in  making  cooking  ranges,  stoves,  pipes,  and 
radiators.  It  expands  in  solidifying,  and  so  fills  every  detail  of  the 
mold. 

Wrought  Iron,  invented  by  Henry  Cort  (1784),  is  made  by  heot- 
bg  the  broken  pigs  of  east  iron  upon  a  layer  of  material  contiuniog 
oxide  of  iron  and  hammer-Bhy;  (basic  silicate  of  iron)  spread  on  the 
bed  of  a  roverberatory  furnace  (Fig.  116,  p.  460).  The  enrfooo, 
silicon,  and  phosphorus  combine  with  the  oxygen  of  the  oxii.lf,  and 
the  last  two  pass  into  the  slag.  The  sulphur  is  found  in  the  "^f^ 
OS  ferrous  siJphide.  On  account  of  the  cffcrvesocncc  due  to  the 
escwpe  of  cArbou  monoxide,  the  process  is  called  "pig-hoilina 
The  iron  is  stirred  with  iron  rods  ("puddled")  and  stifTens  aaj 
becomes  purer,  imtil  fmally  it  ciui  be  withdrawn  in  balls  ("  bloomsj 
and  partially  freed  from  slag  by  rolling.  The  resulting  Ixirs 
repeatedly  cut,  piled  in  a  bundle,  reheated,  and  rolled.  The 
now  softens  sufficiently  for  welding  below  1000*  and  melta 
1505°.  Its  fibrous  structure  is  ilue  partly  to  the  films  of  slag  wl 
have  not  been  completely  pressed  out  by  the  rolling.  On  act 
of  its  toughness,  wrought  iron  is  ua«d  for  anchors,  chains,  and  i 
and  for  drawing  into  wire.  On  account,  of  its  relative 
(99.8-~99,9  per  cent),  it  is  less  fusible  than  cast  iron  and  ia  used  I 
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fire  bArs.  Tho  «l)OV«  opcriitiuiui  an?  now  lurgt^ly  porfonncd  by 
machinery,  but  have  been  Iwrgcly  diepljiei-d  by  the  Brascnwr  and 
open  h<^arth  processes  in  which  iron  of  vqua]  purity  cud  be  obtained. 

PraftartifK  oj  StvvL  —  This  B  a  vnriely  of  iron  almost  frwi 
from  |>)io^phorui«,  sulphur,  and  silicon.  Tool-«U'fl  roniuins  0.9- 
l..^  per  pfjit  of  carlxin,  structural  steel  only  0,2-0.6  per  cent,  and 
mild  steel  0.2  per  cent  or  even  le«8.  Steel  combini-tt  the  prt^rtiea 
of  cast  and  of  wrought  iron,  Iwing  hnnl  nn<\  el&etie,  and  at  the  same 
time  availahle  for  for);;ing  and  wehliuji:  when  the  proportion  of 
carbon  is  not  too  high.  Steel  can  Vie  tempered  (see  Ix'low).  It 
ha8  atflo  a  greater  tensile  strength  *  than  has  wrought  iron,  and  it 
can  Ih!  permanently  magnetized. 

Beaaemer  Proceaa,  —  Steel  is  made  larjEftly  by  the  BesnemeT 
process  (Kelly  1852,  Bossenier  ISHK).  The  mcJten  east  iron  is 
poured  into  a  converter  (Fig.  137)  and  a  Mart  of  air  (a)  is  blown 
through  it.  Tlie  oxidation  uf  tlie 
manganese,  carbon,  silicon,  and 
a  little  of  the  iron  gives  out  sufB- 
eient  lieAt  to  raise  the  tcmpiTJil  urt? 
of  tlie  moss  above  tite  nu-lting- 
point  of  wrought  iron.  The  re- 
quired proportion  of  carbon  is 
then  intro<iuce<l  by  adding  pure 
cast  iron,  spie^l  iron,  or  coke,  and 
the  ooDtents,  first  the  sla^,  and 
then  the  molten  steel,  are  finally  poured  out  by  turning  the  con- 
verter. When  the  cast  iron  contaius  much  phosphorus,  the  oxide 
<if  this  element  ta  reduced  again  by  the  iron  as  fast  as  it  is  fonut^^ 
by  the  blast.  In  such  cases  a  basic  lining  containing  lime  and 
[iiHgncsia  takes  the  plitce  of  the  sund  and  ciny  lining  of  the  ordinary 
Btfaaeincr  converter,  and  a  slug  containing  a  basic  phoitphate  of 
caleium  is  produced.  This  hiodification  coustitutcx  what  is 
known  as  the  basic  or  Thoma»-Gilclirist  procetB.  The  dag 
("Thoma»«tag")   when  pulverixcd  form«  a  valuable  fertiliser 

*  TmmII*  nnikctit  or  uatMttf  ill  inuuiuvd  by  tilt  wdght  (!□  kiloii)  rMjuirn]  to 
hrtuk  a  win.-  ot  the  uii-Cal  1  «j.  mm.  in  wictiuu.  Luad  2.6,  copper  SI,  iron  71, 
MtcdVl. 
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In  the  United  States,  the  basic  opeo-heartii  pr 


Open-ffforlh  (Stf^m^na- Martin)  Proceais.  —  In  this  proc 
the  casl  iron  !»  mcltiHl  in  »  .situc-or-«liitiK-d  di-ptrsdon  (Fig.  13S)J 
which  is  liuc-d  with  sand  in  tliv  iirid  prui-t-Ns  and  nith  Ume  and 
ma^e^a  iii  thv  biuic  profoss.  Scraps  uf  irou  plute  (for  dilutkm) 
iiiid  hematite,  ur  koido  otltor  uxidir  om,  nrv  then  addcxl  in  proper 
proportioiii*-  Tht!  nmtcrinis  (50-75  tons  iu  one  charge)  are 
hfiitnl  with  gas  fuel  for  8-10  hoiir!«.     To  iwcure  <NHJtKiniii.-ul)y 


Fia.  13& 

high  temperature  require*!  to  keep  the  produet  (almost  pure  iron) 
fused,  Siemens  dcvisod  the  method  of  preheafing  the  fuel  gas  and 
air  by  a  regenerative  deviec.  The  spent  air  and  gas  pass  down 
through  a  elieekerwork  of  briek.  When  this  bocomee  heated,  (he 
valvejt  ail?  reversed,  the  gas  jind  air  now  enter  through  the  heated 
brickwork  and,  after  mecliiig  iind  burning  over  the  iron,  pam  out 
through  the  checkerwork  ou  the  opposite  side,  raising  ite  te-mpera- 
ture  in  turn. 

The  changes  arc  similar  to  those  in  the  Bessemer  proo(«8. 
During  casting,  some  aluminium  is  added  to  combine  with  oxj-gen 
(present  as  CO)  and  gix'e  sounder  ingots.  Recently,  iron  con- 
taining 10-15  per  cent  of  titanium  has  been  added  instead.    The 
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tituniuffl  combines  witll  both  nitrogen  and  oxygt-n  nnd  Ibo  com- 
pounds piuw  into  1)k-  slag,  ju^t  n.-<  doc«  »luniiniuin  oxide.  H»il» 
ni)uk>  of  8UH-1  i)urifi<Hl  ivith  this  clement  are  letn  Uttblu  to  bruikugc 
(th<->  ootninono^t  chiihc  of  wrc rks)  nnti  «rc  -10  per  c«nt  more  ducitble, 
thiin  aro  ordiiuio'  oix-n-liCArth  railB. 

Thf  itdvHiiUtgo  of  thv  oiwn-li<':ir1.1i  proti'88  ovit  that  of  Bosscmcr 
i»  Ihitt  it  ix  not  hurried,  and  is  therefore  uuderbettcreontrul.  The 
iRUtcriiil  eiui  be  t««t«d  by  sample  nt  intervals  until  the;  required 
composition  lius  been  rearhe«l.  The  product  is  of  more  unifonn 
quality.  Vrlien  fine  stwl  i«  required,  electric  heating;  («.((.,  in  the 
H^rouit  furnace)  permits  even  more  deliberate  treatment. 

Bessemer  and  open>hearth  steel  t!i  used  for  heav^'  and  ligilit 
niat^liinery  eastings  an<l  for  sliafts.  It  is  rolled  into  rails,  and  into 
bridge  and  structural  iron. 

Crnrthle  Steel.  —  For  special  purpoaes  oleel  is  matle  in  cm* 
dbles  of  clay  (or  graphite  and  clay)  in  melts  of  fiO-IOO  pounds. 
"MeHm4[  bar,"  a  verj-  pure  open-hearth  steel,  U  melted  with 
chareoal  or  with  pure  pig  iron.  This  steel  ts  employed  in  making 
raxont  (1.5  per  cent  C),  tools  (1  per  cent  C),  dies  (0.75  per  cent  O), 
pens,  needles,  and  cutlery. 

Tempering.  —  The  carbon  in  steel  (and  cast  iron)  is  in  the 
form  of  carbon  or  of  carbide  of  iron  FeiC  (6.6  per  cent  C),  dissolved 
in  the  iron.  When  whitr  hot  stwl  (up  to  2  per  cent  C)  is  su<ldcnly 
cliilled,  there  is  no  time  for  any  ehiingcK  to  occur  during  the  cooling, 
and  a  eolid  solution  is  obtjiiued  which  is  very  hard  and  brittle. 
When,  however,  the  eouling  is  sJow,  some  of  the  carbon  separates 
in  minute  crystals  of  eenientite  FcjC  until,  at  about  700°,  there 
remains  only  about  0.9  per  cent  carbon  tu  solid  solution.  At  this 
temperature,  if  sufGeient  time  is  allowed,  tbe  solid  solution  sepa- 
rates into  ft  mixture  of  pure  iron  (87  per  cent)  which  is  soft  and 
carbide  of  iron  (13  per  cent)  which  is  hard.  Steel,  when  slowly 
cooled,  is  thus  a  mixture,  and  not  homogeneous.  If,  therefore, 
hard  chilled  steel  is  heated  once  more  for  the  purpoM  of  tempering, 
the  extent  to  which  the  softer  material  Lt  formetl  de|>ends  upon  the 
temperature  reached  and  upon  ttie  rate  and  the  duration  uf  the 
cooling  process.  By  varying  tJtese,  the  degree  of  barduess  allowed 
to  remain  can  be  adjusted. 
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Su^l  Mloya.  —  As  we  have  seen,  eubstancee  such  as  oluminiutn, 
titanium,  iiiid  rprroiilicoD  ore  added  to  iron  for  thv  purpose  of 
purirying  it,  uitd  pasis  in  combiDatioD  iiito  the  slog.  There  are, 
howeve-r,  regular  alloys  contAiuing  the  foreigu  metal  along  with 
tikc  iron.  Tttus,  maagvm»  AmI  (7-20  per  cent  Mii),  made  by 
adding  Hpiegid  iron  or  fcrroiiiangiuieac  (p.  618)  to  steel,  remains 
hard  even  when  c-ooled  slowly  nnil  is  iisi'<l  for  the  javre  of  rock- 
crushem  and  for  safes.  Ohromium-Tanadium  >t««l  (1  per  oeut  O, 
0.15  per  cent  Va)  has  great  tensile  strength,  can  be  bent  double 
while  cold,  and  offers  great  resistance  to  changes  of  stress  and  to 
torsion.  It  in  used  for  framra  and  axles  of  automobiles  and  for 
connecting  rods.  TuafBt«D  iteel  has  already  been  described  (p. 
606).  Nickel  ateel  (2-4  per  cent  Ni)  reeista  oorrowiHi,  has  a  high 
limit  of  elasticity  and  great  hardness,  and  is  used  for  armor^late, 
wire  cablea,  and  propeller  shafts.  Invar  (36  per  cent  Ni)  is 
practically  non-expansive  when  heated  within  narrow  limits  and  , 
is  used  for  meter-acalea  and  pendulum  rods.  I 

Chemical  Properties  qf  Iron.  —  Althoi^h  the  purest  iron 
does  not  rust  in  cold  water  (p.  626),  ordinary  iron  rusts  in  moist 
air  or  under  water.  It  probably  rusts  in  water  fr«^  from  carbon 
dioxide,  diaplaruig  the  hydrugeu>ion,  but  the  action  is  greatly 
liii.st(?ricd  by  the  presence  of  carbonic  acid.  Rust  is  a  brittle,  porous, 
loosely  adhen^'iit  coating  of  variAble  compu»tion,  consisting  iniunly 
of  a  hydrated  ferric  oxide  3FesOi,HiO,  whicl)  does  not  ppotoct  the 
metal  Iwlow.  Oil  protc^tB  iron  from  rusting  liecause,  although 
oxygen  is  more  soluble  in  most  oils  than  in  water,  and  so  reaches  the 
iron  freeJy,  water  is  not  soluble  in  oil  and  so  moisture  ia  excluded. 

Iron  bums  in  oxj'gen  anil  it  interacts  with  siiperheatod  steam, 
in  both  cases  giving  FciOi.  A  superlicial  layer  of  this  oxide  ad- 
heres firmly  and  protects  the  iron  from  the  action  of  the  air  (BarfTs 
process  iron,  or  Russia  iron). 

Iron  displaces  hydrogen  easily  from  dilute  adds.  Steel  and  east 
iron,  which  contain  iron,  its  carbide,  and  graphite,  give  with  cold 
dilute  acids  almost  pure  hydrogen,  and  the  carbide  and  graphite 
remain  unattacked.  More  concentrated  acids,  however,  particu> 
larly  when  warm,  generate,  along  with  hydrogen,  hydrocarbons 
formed  by  interaction  with  the  carbide  (p.  441).  The  odor  of  the 
gas  is  due  to  compounds  of  sulphur  and  phosphorus. 
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AlUiou^  iron  acte  vigorously  on  dilute  or  ooncentrated  nitrio, 
acid,  it  IB  indiffcrL-nt  to  fuming  nitric  acid  {NOi  in  solution,  p.  348).] 
It  bcconiL-s  paaslvB.  In  this  state,  it  no  longer  displaces  hydrogSBJ 
from  dilutt  acids.  If  dipped  in  cupric  sulphate  solution,  it  doca 
not  roceivt'  the  usual  red  coating  of  metallic  copper.  Uowever,  if 
scratched  or  struck,  the  passive  condition  is  dcstroj-ed,  and  copper 
begiits  to  be  deposited  at  the  point  touched  and  the  action  spreads 
quickly  over  the  whole  surface.  No  satisfactory  explanation  cf 
this  ])henoroenon  has  been  obtained,  although  it  is  shown  also  by 
chromium,  eobult,  and  other  metals. 

'  Ferrous  Compounda.  —  Fnrous  chloride  is  obtained  as  a  pale- 
blue  hydrate  FeCli,4HiO  (turning  jpx-en  in  the  air)  by  interaction 
of  hydrochloric  acid  witli  the  nx-tal  or  the  carbonate.  The  an- 
hydrous salt  Kubliines  in  eulurlci<0  cr>-»tal»  when  hydrogen  chloride 
is  led  over  the  heated  metal,  in  Rolution  the  salt  is  oxidised  by 
the  air  to  a  baitic  ferric  chloride: 


h 


4Fo++  +  0,  +  2H,0  —  4Fe*"  +  40H-. 


presence  of  excepts  of  the  acid,  normal  ferric  ehoride  is  formed. 
1i\'irh  nitric  acid,  ferric  chloride  and  nitric  oxide  arc  produced  (p. 
350). 

PaiTOUs  hrdrosid*  Fe(OH)i  is  thrown  down  as  a  white  precipitate, 
but  rapidly  becomes  dirty-green  and  finally  brown,  by  oxidation. 
It  diaaolves  In  solutions  of  salts  of  ammonium,  being  like  magne- 
aum  hydroxide  {p.  625),  sufficiently  soluble  in  water  to  require 
an  appreciable  concentration  of  0H~  for  its  precipitation.  The 
NH4*  from  the  salts  combines  with  the  OIT  formed  by  the  ferrous 
hydroxide  to  give  molecular  ammonium  hydroxide.  farroua 
Mid*  FeO  is  bhick,  and  is  formed  by  heating  ferrous  oxalate  in 
absence  of  air.  It  is  made  aim  by  cautious  reduction  of  fcrrie 
oxide  by  hydrogen  (at  about  300°),  but  is  cssily  reduced  further 
to  the  metal.  It  catches  6re  spontaneously  when  exposed  to 
tike  air. 

Ferrous  oarbonat*  FeCOt  is  found  in  nature  as  sidcrite,  and  may  | 
be  made  in  slightly  bydrolysed  form  by  pnx^ipitation.    Tlie  pn> 
cipitate  is  white  but  rapidly  darkens  and  finally  becomes  brown, 
the  ferrous  hydroxide  produced  by  hydrolysis  being  oxidised  to  the 
ferric  condition.    The  salt  interacts  with  water  containing  car* 
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booic  acid,  after  the  manner  of  calcium  carbooate  (p.  383),  giving 
FclIi(COi)i,  and  benco  is  found  in  solution  in  natural  (chalybeate) 
watcn*. 

fcTtout  sulphide  FeS  may  be  formed  as  a  black,  metallic-looking 
maaH  by  heating  together  the  free  elements.  It  is  produced  b>* 
precipitation  with  ammonium  sulpbide,  but  not  with  hydrogen  sul- 
phide. It  interacts  readily  with  dilute  acids.  The  precipitated 
form  if  slowly  oxtdizoil  to  ferrous  sulphate  by  the  air. 

Fmtous  >u]phM«  is  obtained  by  allowing  pyrites  to  oxidize  in  the 
iiir  and  leaching  the  residue : 

2Ft«,  -I-  70»  -I-  2H,0  —  2FCSO4  -I-  2H,S0,. 

Tlw  lifjuor  is  treated  with  wmji  iron  and  the  neutral  solution  evapo- 
rated utitil  a  hydrftte  Fi>S<)(,7Hjf),  gnvn  viljiol,  or  "wjppcras,"  is 
depnsitml.  The  crystals  are  effiomtcent,  aihI  become  also  brown 
from  oxidation  to  a  basic  ferrie  sulphalfi: 


4FeS0.  +  0,  +  2H^  -*  4Fe<0II)S0*. 


i 

-has 


With  excess  of  sulphuric  acid  and  ;iir,  or  an  oxidising  agent  sue! 
nitric  acid,  ferric  sulphate  is  formed.  The  ferrous  sulphate  is  used 
in  dyeing  and  in  making  writing -Ink.  The  extract  of  nut-galls  eon- 
tains  tannic  ucid,  HC,|HiOg,  which,  with  ferrous  sulphate,  gives 
ferrous  tunnate,  a  soluble,  almost  colorless  salt.  A  wluiioa  of  this 
salt  containing  guni-^rabie  un<l  some  blue  or  black  dye  ccmstitutes 
the  ink.  When  the  writing  is  cxposcti  to  the  air,  the  ferrous 
timnatc  is  oxidiicd  to  the  ferric  oonditiou,  and  the  ferric  compound 
i»  u  fine,  black  precipitate  ((/.  p.  316).  Tlic  tlye  ts  added  to 
the  writing  visible  from  the  lirst.  Ferrous  sulphate  is  also  used  1 
the  purification  of  water  (p.  560). 


I'erric  fUimpounda.  —  By  leading  chlorine  into  a  solution 
ferrous  chloride,  and  evaporating  until  the  proper  proportion 
of  water  atone  reniains,  a  yellow,  deliquescent  h«iafajdrat«  of 
t«rric  chloridfl.  Fcdj.SfljO  is  obtained.  When  this  is  heated  still 
further,  hydrolysis  takes  place  and  the  oxide  remains.  When 
chlorine  is  passed  over  heated  iron,  anhydrous  ferric  chloride 
sublimes  in  dark  green  scales,  which  are  refl  by  transmittefi  light. 
In  solution,  the  salt,  like  other  feiric  suits,  can  be  reduced  to  ' 
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TIh!  same  reductioD  is 


I 


'orrous  condition  by  l>oiIiiiK  with  iron, 
offeeled  by  hydrogen  sulphide: 

2Po+++  +  Fe-»3Fe*^. 


The  f(MTio  ion  is  itJuiost  colorlvn,  the  yBllow-farown  color  of  Bolii- 
tiotu;  of  ferric  ch1ori<Ic-  being  due  to  the  prCMcnvc  of  ferric  hydroxide 
produced  by  hydrolyeie.  The  color  di-epcnx  when  the  solution  is 
bcatcJ  {increased  hydrolysis),  iiud  fadiMt  ugiilu  verj-  slowly,  by 
rcversiil  of  the  iiftioti,  when  the  cold  solution  is  allowod  to  stHitd. 
Ferric  h;drosido  Ke(OH)i  iippeivra  us  a  brown  prwipilato  when 
a  base  is  uddod  tu  n  ferric  suit.  It  does  not  inlcruct  with  cxcvim 
of  the  alkali.  In  this  form  the  eubeiance  th-ies  to  Uie  oxide  witli- 
out  Ki^'iTlg:  definite  intermediate  hydrated  oxide«.  The  hyilratw, 
FejO»,2Fe(OHji  (brown  iron  ore)  ami  FojOt,4Fe(OH)s  (lx)g  iron 
ore),  however,  are  found  in  nature  (see  Rust,  p.  632).  The  hy- 
droxide passes  easily  into  coUoi<ia)  iwlution  in  a  solution  of  ferrio 
ehluride,  and  by  subsequent  dialysis  through  a  piew  of  parchment' 
the  salt  can  be  separated,  and  a  pun?  colloidal  suspencdon  of  the 
hydroxide  obtained.  This  oiispenaion,  known  as  dUlyzod  troo, 
is  red  in  color,  shows  no  depression  in  the  frrezing-point,  and  is 
not  an  electrolyte.     The  hydroxide  is  a  positive  colloid  and  is 

» coagulated  (brown  precipitate)  by  the  addition  of  salts,  bivalent 
Degative  ions  l>eing  more  effective  than  univalent  ones  (p.  417). 

r«Tic  oxld*.  FejOs,  is  sold  as  "rouge"  and  "Venetian  red."  It 
is  made  from  the  ferrous  Hulphate,  obtained  in  cleaning  iron  ware 
which  is  to  be  tinned  or  galvanized,  and  in  other  ways  in  the  arts. 
The  salt  is  allowed  to  oxidize,  and  the  ferric  hydroxide,  thpo«-n 
down  by  the  addition  of  Unie,  is  calcined.  The  product  variM 
in  tint  from  a  bright  yellowish-red  to  a  dark  violet-brown  according 
to  the  fineness  of  the  powder.  The  best  rouge  is  obtained  by 
calcining  ferrous  oxalate  FeCiO*.  This  oxide  is  not  distinctly 
acidic,  but  by  fusion  with  more  basic  oxides,  compounds  like 
franklinite  Zn(Fe<,>,),  may  be  formed.  It  is  reduced  by  hydrogen, 
at  about  300°  to  ferrous  oxide,  and  at  700-800**  to'metallic  iron. 

Ha(n«tle  odds  ot  Iron  FeiO*  or  lodestone  is  found  in  nature,  and 
is  fomie<I  by  the  action  of  air  (hammer-scale),  steam,  or  carbon 
dioxide  on  Iron.  It  forms  octahedral  crystals,  and  is  a  ferroua- 
{erric  oxide  FeO,FeyO|  or  Fe(Fe0i)3i  related  to  fTsakUoite. 
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Fairic  (ulphide  Fe«8j  may  be  made  by  fusuiK  tof^ther  th(> 
el<>mi>iit«,  and  i.t  obtained  also  as  a  precipitste  by  the  addition 
of  ammonium  sulphide  to  fejrric  chloride  solution  (Stokes).     Wi 
hydrogen  sulphide,  only  sulphur  is  thrown  down  (p.  63o). 

Ferric  BUlpbat«  Fej(W«)i  is  forrood  by  oxidation  of  ferrous  su 
phate,  and  is  obtained  as  a  white  mass  by  evaporation.     It  giv 
alums  (p.  S.'iS),  such  as  ferrioanunonium  alum  (NIl4)^04,Pes(SO<)j, 
24H3O,  which  are  almost  colorless  when  pure,  but  usually  have 
pale  reddish-violet  tinge. 


i 
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Pyiite.  —  The  mineral  p>'Tite  FeSi  (Fools'  gold)  is  the  sulphidi 
of  iron  which  is  most  stable  in  the  air.    It  is  found  in  nature 
the  form  of  Rlittering,  golden-yellow  ciibes,  octahedrons,  and  pen 
taj(onaI  dodecahedrons.     It  i»  not  attacked  by  dilute  acids,  but 
concentrated  hydrochloric  acid  slowly  converts  it  into  ferrous 
chloride  and  sulphur.    It  is  reduced  by  hydrogen  to  ferroui^ 
sulphide. 


4 


Cyanides.  —  When  pottu^£iuIn  cjunidv  is  added  to  solutions  of 
feiTOUB  or  ferric  lutlts,  j-elluwish  prwipitattw  ore  produced,  but  the 
simple  cymiidcs  ctmnot  be  obtitiiicd  in  pure  form.  TTietje  prcci|n- 
tiites  interact  with  oxci'se  of  the  cyanide  giving  soluble  complex 
cyanides  of  the  forms  -IKCN.FcCCN),  and  3KCN,Fc(CK): 
TLiae  are  called  fcrro-  and  forricyauide  oi  potassum,  re-spectivelyi 

FflmxTanide  of  potauium  K|Fe(CN)«,3HsO,  "yellow  prusna 
of  potiish,"  is  made  i)y  li^Ating  nitrogenous  anim^  reitiae,  !<uch  as 
blood,  with  iron  filings  and  potassium  carbonate.  The  rr'.*ulting 
muss  contains  potassium  cyanide  and  ferrous  sulphide,  and  when 
it  is  treated  with  warm  water  these  interact  and  produce  the  fern>- 
cyanide; 

2KCN  +  FeS  -.  FeCCN),  +  K*S, 
4KCN  +  Fc{CN),  ~*  K4.Fe(CN)». 

The  salt  i»  made  also  from  the  cyanoRen  contained  in  crude  illumi- 
nating gas.  The  trihydrate  forms  large,  yellow,  monosynimctric 
tables.  The'Bolution  contains  almost  exclusively  the  ions  K*  and 
Fe{CNJs==,  and  gives  none  of  the  reactions  of  the  ferrous  ion  Fc*^- 
The  corresponding  acid  ll,.I''e(CN)«  may  be  obtained  as  whil« 
crystalline  scales  by  addition  of  an  acid  and  of  ether  (Jn  which  the 
nbstance  is  less  soluble  than  in  water)  to  the  salt.    The  acid  i 
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fairly  active  ono,  but  it  unstable  uud  decompofles  in  a  cximplox 
manucr.     Othvr  ferrocyiiDJtk-s   may   be  made  by  precipitatioo.J 
^  Hiat  (rf  copper  Cu).Fc(CNj4  is  brown,  and  ferric  ferrocyanidai 
F'vt[Fc(CN}(|i  hiut  a  brilliant  blue  culor  (PniuUa  blu*).    The  ter- 
cumpound  (insoluble)  FejFcCCN)*  or  [xrluips  KiFeFe{CN}< 
vhite  but  quidcly  becomes  blue  by  oxJdatiou.    The  aolubli 
ffcrrocyanides  arc  tu4  [joisonous. 

reirleranlde  o(  potMiium  KtFc(CN)«  is  easily  made  from  the 
fcferrocyanide  by  oxi<lation: 


2K*Fe(CN).  +  C!.- 
2Pe(CN).==+af 


.2KC!  +  2K,.FeCCN)„ 
•  2Fe(CN).=~  +  2Cl- 


[it  forms  rwl  monoftymmptric  prisms.     Tlic  free  acid  niFe(CN)B 

'is  ttiiHtahlo.  (>tb<-r  salts  may  l)e  prepared  by  precipitation. 
Kerrpiis  ferrieyanide  Fei(Fe(CN«)  li  is  deep-blue  lu  color  (Tum- 
bull'B  blu«).  With  ferrie  tialta  only  a  brtiwri  solution  is  obtained. 
Prussian  blue  and  TumbiiU's  blu«  are  usad  in  makiuj;  laundry 

jbhieinK-     They  are  insoluble,  but  f[ive  colloidal  suspensioDS  and 

Lare  adsorbed  by  the  material  c^  the  cloth. 


S/ii«cPrint«.  —  Some  ferric  salts,  when  exposed  to  light,  are 
'n-diK'cd  to  the  ferroufl  condition.    Thus,  ferric  oxalate,  in  the 
liftlit,  fcives  ferrous  oxalate; 

^  Fe,CC^,),  -» 2FeO,0,  +  2C0» 

When  paper  is  eoated  with  ferrie  oxalate  solution  and  dried, 
and  an  ink  drawing  on  tratiiiiparont  paper  is  placed  over  the  pre- 
pared surface,  sunlight  will  rediiee  the  iron  to  the  ferrous  condi> 
tioQ,  excepting  wliore  the  ink  prot«M?t>s  it.  Wien  the  sheet  is  then 
dippi^d  ill  potassium  ferricyanide  solution  (developer),  the  ferric 
oxaJatc  gives  only  the  brown  su}>stance  which  can  be  washed  out- 
But  the  deep  blue,  insoluble  ferrous  ferricj-anide  is  preeipitatedj 
I  in  the  pores  of  the  paper  where  the  light  haa  acted.  The  drawii; 
rs  white  on  a  blue  background.  In  ordinary  blue-print 
,per,  ommonium-fejrie  citrate  takes  the  place  of  the  oxalate, 
and  the  ferricyanide  has  already  been  applied  to  the  paper  before 
,g,  so  that  only  expcisure  and  washing  remain  to  be  done. 
lute  sodium  hydroxide  solution  decomposes  the  ferricyaokh^ , 
and  is  used  for  writing  (in  white)  on  blue-printe. 
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tron  Carbonyh. — -When  carbon  monoxide  is  led  over  finely j 
divUted  iroii  at  40-80*,  or  iincipr  eifiht  atniosphpivfl  pn^oure  at 
the  ordinary  («in|)emture,  volatile  coaipouodx  of  the  cx)inpoitition 
Fe(C0)4,  iron  t«i»c»rt>onjl,  and  Fe(CO)»,  the  pentacarixmyl,  are 
formed.  When  llie  piiteotis  mixture  is  heated  more  Btroiigly,  the 
compounds  decoinpoHO  a^iin,  and  iron  is  depotdted.  Illiiinitmti]i9> 
gas  buraera  frequently  rcceiw  a  deposit  of  iron  from  this  cause. 

Anaiytical  Reactions  of  ConxponnAi  of  Iron.  —  There  arc 
two  iotiie  forms  of  irou,  forrous-Iou  Fc*^,  which  Js  very  pale-green, 
and  ffrrif-ioii  Fc*"*^,  whicli  is  almost  colortufit.  Amuiuuiuia 
»idphidv  gives  with  tlic  former  blac^k  ferrous  sulpliidc,  which  is 
Miluhle  in  dilute  acids.  The  h>'droxides  are  white  and  brown, 
respectively,  «ud  ferrous  oirbonalu  is  white.  With  ferric  salts, 
wliich  arv  liydrolyzed  (iibout  5%),  curbonatejs  yield  tbe  hydroxide 
t^ecausc  tbcy  neutrali;(e  the  free  acid  and  dii^placc  the  equtlibnum. 
\Vit'h  ferrocyanide  of  [>utas!«iu(ii,  ferrous  falts  give  a  white,  and 
ferric  salts  a  blue  precipitate.  With  ferrieyanide  of  potnssium 
the  former  gives  a  deep-blue  precipitAtc,  and  the  latter  &  brown 
solution.  Forrio  thlocyanate  Fe(CNS)i  b  deep-red  (p-  182).  With 
tKirax,  iron  ranipoiinds  give  a  bead  which  is  green  (ferrous  borate) 
in  the  re^liKung  flame,  and  colorless  or,  with  much  iroo,  yellow 
(ferric  borate)  or  even  brown  when  oxidized. 


Cobalt  Co 


I 

'4 
I 

fomifl'^l 


The  Chemical  Relation*  of  the  Element.  —  Cobalt 
cobaltous  aod  vobaltic  oxides  and  hydroxides  CoO  an<]  Co(OU)i, 
CoiOj  and  Co(OH)i,  rwpectively,  winch  are  all  basic,  the  former, 
more  so  tbaii  the  latter.  The  cobaltous  salts  are  little  hydrolyzed, 
but  the  cobaltic  salts  arc  largely  decomposed  by  water.  The 
latter  also  liberate  readily  one-third  of  the  negative  radical,  after 
the  manner  of  manganir  salts,  liecoming  cobaltous.  Complex 
cations  and  anions  containing  colmit  are  very  numerous  aud  very 
Htable, 

Occurrence  and  Properiitut.  —  Cobalt  is  found  along  witii 
nickel  in  smaltite  Co.\!*,  and  cobaltite  Co.\sS.  The  pure  metal 
may  be  made  by  fJoldschmidt's  prooMS,  or  by  reducing  the  oxalate, 
or  M)  pxidc,  with  hydrogen. 
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COBALT 


The  metal  is  mlvoNwhite,  wiih  «  Tnint.  «igx«stioii  of  pink.  It  is 
markedly  <;i>'i-talline,  less  .tough  than  iron,  and  has  no  commer- 
cial applications.  It  (li«iplACCs  hydrogen  slowly  from  dilute  acids, 
but  iotenctA  readily  with  aitric  acid. 

<x>baUoua  Compouixda.  —  The  obloride  CoCI;,6iI,(>  may  be 
made  by  tn-ating  the  oxidt-  with  hydrochloric  acid.  It  forms  red 
prisms,  and  when  partially  or  compk't*ly  dehydrated  becomes 
deep-blue.  Writing  made  nitli  a  diluted  solution  upon  paper  is 
almost  invisible,  but  )x:comeji  blue  when  warmed  and  ufteruarcls 
takes  up  moisture  from  the  brcjitb,  and  is  once  more  invisible 
(sympAthvtlo  tnk).  Most  cobaltous  eompuunds  ore  red  when 
hjdnitfd  or  in  nolutiou  (Co+^),  and  blue  when  dehydrated.  By 
utldition  of  sodium  hydroxiile  to  n  cobaltou8  salt,  a  blue  l»uic 
suit  is  precipitated.  When  the  ntixture  is  boiled,  the  pink  oobalt- 
ou>  hrdrazlda  O»(0H)j  it  formed.  This  becomes  brown  throuf^ 
oxidation  by  the  air.  It  interacts  with  anmioniuin  hydroxide, 
giving  a  floliible  ammonioH^obaltous  hydroxide,  wliich  i»  i|uiokIy 
oxithzed  by  the  air  to  on  ommonio-cobaltic  compound  (sec  below). 
It  dissolves  also  in  salts  of  ammonium  a^  does  m»gno!<iiini  hy- 
droxide (p.  !}2h).  When  dehydrated  it  leavett  the  black  cobaltoiu 
oxide  CoO.  Cobattous  tulpfaate,  CoSO«,7Hg(),  and  eobaltous  ni- 
trate, ( 'o(N0j}i,6H]0,  are  familiar  salts.  I'he  black  eobkltoua 
•ulpblds  ('oS  is  precipitated  by  ammonium  sulphide  from  solu- 
tions of  all  salts,  and  even  by  hydrogen  sulphide  from  the  acetat«, 
or  a  solution  containing  much  sodium  acetate  (c/.  p.  4^).  Onee 
it  has  been  formed,  it  interacts  very  slowly  even  with  dilute  hy- 
drochloric acid,  having  apparently  changed  into  a  less  active 
form.  A  sort  of  cobalt  glau.  made  by  fusing  sand,  cobalt  oxide, 
and  potassium  nitrate,  forms,  when  powdered,  a  blue  pi^iment, 
cmalt,  used  in  china-painting  and  by  artists. 

Cobaltic  Compounds.  —  By  addition  of  a  hypochlorite  to  a 
solution  of  a  cobaitous  suit,  cobaltic  hydrodd*  Co(OU)),  a  black 
powder,  is  precipitated.  Cautious  ignition  of  the  nitrate  pvM 
cobaltic  oiida  CojOj.  Slrorij;cr  ignition  gives  the  commercial 
oxide,  which  is  a  cobalto-cobaltlc  oxidfl  (-'oiO«.  Cobaltic  oxido 
dissolves  in  cold  hydrochloric  and,  but  the  ao!uti6n  gives  off 
chlorine  when  warmed.    By  placing  cobaitous  sulphate  solutioQ 
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rotind  the  anode  oi  an  electrol>'tic  cell,  cryBtsb  of  eobaltlc  buI- 
pbftte,  Coi(80()t,  have  been  made  and  cobaltic  aluma  have  also 
beeji  [>n;p&recl  (Hugh  Marshall). 

Complex  Compounds.  —  Potassium  eyanid<^  precipitates  from 
cobaltous  salts  a  browuish-white  cyanide.  This  iDteracts  with 
excess  of  the  reagent,  giving  a  solution  of  potatsaluni  oobaJbocy- 
uUds  K4.Ci>(CN)i  {(f.  \i.  636).  This  oomiHumd  i»  <'a.sily  oxidin><l 
by  chlorine,  or  even  when  the  nnhition  is  Wiled  in  the  air,  and  the 
colorless  potuilum  cobaltlcyuiMe  is  formed: 

4K4Co(CN),  +  2H,0  +  0,-»4K,.Ck.(CN).  +  4K0H. 


The  solution  gives  none  of  the  reactions  of  Co*'*^,  and  with  acids 
the  very  stable  cobulticyanic  avid,  HiCo(CN)t,  is  liberated. 

When  acetic  acid  and  potassium  nitntc  arc  added  to  a  eobaltous 
Eiiilt,  the  latter  is  oxidized  by  the  nitrous  acid  (liberated  by  the 
acetic  acid)  and  a  white  conipk-x  sail  K4.Co(NOi)«,nHjO  (  = 
(;o{NO,),,3KNOi),  pounlum  oobaltlnitrit*,  is  thrown  down. 

Cobaltic  HaltH  give  with  ammonia  compleji  compounds  which  are 
many  and  various.  The  cations  often  contain  negative  groups, 
and  arc  such  as  Co(NH,)('^,  Co(NHa)tCl++  and  Co(NII,)iNO,++. 
Usually  the  solutions  give  none  of  the  reactions  of  cubaUie  ions, 
and  often  fail  likewise  to  gi^-v  those  of  the  anion  of  the  original  nit. 
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Nickel  Ni 

The  Clixmical  Relations  of  the  Element.  —  Nickel  forms 
nickelous  and  niekelio  oxides  and  hydroxides  NiO  and  Ni(OH)t, 
NiiOt,  and  Ni(OH)j,  but  only  the  former  are  basic.  The  nickel- 
ous  salts  resemble  the  cobaltous  and  ferrous  ealls,  but  are  nut 
oxidiiiable  into  oorrceponthng  nickclic  compoundR.  f^oe  there 
arc  no  nickclic  salts,  there  are  here  no  aimloKUPB  of  the  cobalti- 
cyanides  or  the  cobalt  iiiitrite*i.  The  oomjilejc  nickelous  salta. 
like  the  complex  cobaltous  salts,  and  unlike  the  complex  cobaltk 
aalts,  are  tmstable,  and  so  give  some  of  the  reactions  of  Ni'^^. 

Occurrence  and  Properties.  —  Nickel  occurs  free  in  meteor- 
ites and  in  niecolile  NiAs  and  nickel  glance  XiAaS.  It  is  now 
manufactured  chiefly  from  pentlandite  [Xi,Cu,Fe]S  and  oUier 
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mmCTsla  found  at  Sudburj-  {Ontario),  and  from  gamierite,  a 
silicate  of  nicki-'l  and  mHgDtwiuni,  found  in  New  Caledonia.  In 
the  former  case,  the  ore  is  roitst«d,  amcltcd,  and  finally  bessem- 
eriaed.  The  resulting  alloy  of  copper  and  nickel  is  much  used 
for  sheet-metal  work  (H«ial  nutal,  approx.  1  :  1).  Pure  aicke) 
is  separated  from  the  copper  by  an  cIectroi>'tic  process  (p.  611), 
or  by  the  Monde  process  (ace  below). 

The  metal  is  white,  with  a  faint  tinge  of  yellow,  is  very  hard,  and 
takes  a  high  polish  (m.-p.  1452°).  It  is  used  in  making  alloj's, 
such  as  German  silver  (copper,  zinc,  nickel,  2:1:1)  and  the 
"nickel"  used  in  coinage  (copper,  nickel,  3:1).  Although  b 
these  all<^  thv  red  color  of  th«  copper  ia  eoriipteU^'ly  lost,  the 
copper  is  simply  dissolved,  and  not  combined.  Zinc  and  copper, 
bowovcr,  give  a  compound  CujZiit.  Nickel  plating  on  iron  is 
arconiplished  exactly  like  silver  plating  (p.  516).  Tlie  bath  con- 
tains an  ammuiiincal  eolutioti  of  ammonium-nickel  if>ulphatc 
(NH,),S0,,NiS0,,6H,0,  and  a  plate  of  nickel  forms  the  anode. 

The  metal  nistei  very  tdowly  in  nioist  air.  It  displaces  hydro* 
gen  with  difficulty  from  dilute  acid»;  but  interacts  with  oitric 
add. 

Compoundtt  of  Mclitl.  —  The  ehlorU*  Ni€lt,6H|0  in  made  by 
tr(-ating  any  of  the  oxides  with  hydrochloric  acid,  and  is  green 
in  color  (when  anhydrous,  brown).  The  lulpbats  NiS04,6H)0, 
which  cryeitalliaes  in  grwn,  square  prismatic  forms  at  30-40*,  is 
the  most  famiUar  salt.  Kickalous  hjdnndd*,  Ni(OH)t,  is  formed 
as  an  apple-green  precipitate,  and  when  heated  leaves  the  green 
niekaloua  oxlds  NiO.  It  dissolves  in  nminonium  hydroxide, 
giving  a  complex  nickel-ammonia  cation.  It  is  ttolublo  also  in 
salts  of  nmmoaium  (i^.  p.  525).  By  cautious  ignition  of  the 
nitrate,  nlck»Hc  oxid*  NiiOj  is  formed  as  a  black  powder.  The 
oxides  and  salts,  when  lieat«il  strongly  in  oiygen,  give  the  oxide 
KitOf.  The  last  two  oxide*  liberate  chlorine  when  treated  with 
bydrochlorit:  acid,  and  pvc  nieke-lou8  chloride.  NlokcUe  hrdrox- 
Idt  Xi(OH)i  is  a  black  precipitate  formed  when  u  hypochlorite 
is  added  to  any  salt  of  nickel.  Nickeloui  sulphidv  is  thrown  dowa 
by  ammonium  sulphide,  and  Iwhaves  like  oobaltous  sulphide 
(p.  639).  It  forms  a  brown  colloidal  solution  when  eicees  of  tiie 
precipitant  is  used,  and  is  then  depoHJtod  very  slowly. 
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Addition  of  dimMhrlslyoxim*  to  an  iimmoiiiivcftl  solution  of  a] 
salt  of  nif-'kol  givi-i;  ii  brilliiiiit  i^-;irk-t  pnx;i{H(at«  of  on  acid  Milt: 

Ni{OH),  +  2(H0N),C,(CH,),-*2H^  +  NiH,(CNA(CH,),I,. 

This  n>ftetioii  is  not  shown  by  salta  of  cobalt,  pspeciftlly  if  oxidation 
to  tlic  cobitltic  condition  han  been  permitted  by  eoiitact  witti  air. 

With  potassium  cyanide  and  a  salt  of  nickel  the  Kirenidi  nick*!- 
etu  cyiuiid«,   N'i(('N)«,   is  first   precipitated.     I'his  dissulve^i   in 
exri-nn  iif  the  reagent,  and  a  complex  salt  KiNi(('N)i,HjO  (  = 
2K(:N.Ni(CN)i)  may  be  obtained  from  the  solution.    This  «dl 
is  of  different  compoeition  from  the  corresponding  compounds  nf 
coluUt  and  of  iron,  and  is  leas  stable.     Thus,   with   bleachiiiK 
powder,  it  gives  Ni(On)j  as  a  black  precipitate.     When  the  soIh- 
tion  is  boiled  in  the  air  no  oxidation  to  a  complex  nicJcelicyanidc 
occurs,  and  indeed  no  sucb  suits  are  known.     This  fact  enahleal 
the  chemist  to  separate  cobalt  and  nickel,  for  when  the  mixed 
cyanides  are  Ix)iled  and  ttien  treated  with  bleaching  powder,  tiMS 
cobalticyanide  is  urmffected.     With  potassium  nitrite  and  acetic 
acdd  no  insoluble  compound  corresponding  to  that  ^ven  by  cobalt 
salts  is  formed  by  salts  of  nickel.     The  only  known  compound 
which  could  be  formed,  4KN0t,Ni(N0»)j,  is  solubk*.     This  action 
also  is  used  for  f  he  purpose  of  scparetJon.     The  pink  color  of  mi 
cobalt  Bilks  and  the  green  of  nickel  salts  are  complementary  colors,  H 
BO  that,  by  using  suitable  projjortions  of  the  two,  a  volorlcss  mix-      ' 
turc  can  be  produced. 

When  finely  divided  nickel,  nuule  by  reducing  the  oxide 
oxalate  with  hydrogen  at  a  nio<i"'nife  leriiiM^nitiire,  is  exposed  to 
stream  of  cold  carbon  monoxide,  niclcel  carbonjl  Ni(<'l))(  is  formed, 
I'his  is  a  vapor  and  is  condensable  to  a  colorless  hr|ui<l  (b.-p.  43' 
and  m,-p.  —25').      The  vapor  is  poisonous.     When  heated  to 
150-180°  it  is  dis-sociftted  and  nickel  is  deposited.     Oohalt  forma 
no  eorres|>oi)ding  compound.     Commercially,  pure  nickel  is  sepa- 
rated from  copper  (and  cobalt)  in  the  Monde  proceu  by  passing 
carbon   monoxide  oi'er  the  pulverised  alloy,  and  subsequently 
heating  the  gas. 

Analytifal  Rt^rtions  of  Contftountb  of  Cobatt  and  Ytck^l, 

—  The  cobalt  ion  Cn^-*^  is  pink,  and  the  nickolous  ion  Ni*^  green. 
The  reactions  used  in  analysis  have  been  described  in  the  | 
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paragraphs.  With  borax,  cobalt  L'ompounda  give  a  blue  bead 
(cubiLltouG  borute),  iind  nickel  coin  pounds  a  bead  which  is  branii 
in  the  oxidizing  flumi!  and  cloudj-,  from  the  presence  of  gray, 
metallic  nickel,  when  reduced. 


Exercises.  —  1 .  Wbttt  would  \>f  (he  interactions  of  calcium  ear- 

•  bonute  when  fused  with  sand  and  w*ilh  clay,  respectively? 
2.  Make  equations  rcprtisentiug,  (a)  the  oxidation  of  ferroiw 
chloride  by  hit,  (6)  the  liyilrulysu*  of  ferrouB  carbonate  sind  tho 
oxidation  of  ferrous  hydroxide,  (c)  tho  oxidation  of  ferrous  iml- 
^B  phate  with  excv»s  of  Kutphuric  acid  by  hypochlorouH  acid,  (d) 
^  the  fonnatiou  of  ferrous  and  ferric  tuitnutee  (p.  634),  (p)  the  re- 
duction of  ferric  chloride  by  iron  aud  by  hydrogen  sulphide, 
nwpectively,  (/)  the  dry  (iiMliUntion  of  htwie  ferric  sulphate,  (jf) 

•  the  formation  of  ferric  ferrocyaiiide  and  of  ferrous  ferricyanide. 
3.  Explain  the  solubility  of  cobaltous  and  nickelous  h>-druxide 
in  salts  of  ammonium. 

4.  Construct  equations  to  tihow  the  formation,  (a)  of  the  in* 

soluble  pota-ssium  cobaltinitrite  (nitric  oxide  is  sjven  off),  (6)  of 

nickelic   hydroxide   from   nickelouR   chloride  and  sodium   hypo- 

ite.     ReniemlterinK  that  the  hjpochlorite  is  somewhat  hydro 

lyied,  explain  why  the  precipitation  in  (ft)  in  compIet«. 

a.  Tabulate  in  detail  the  chemtcal  relations  of  the  dejnentA 
cobalt  and  nickel,  with  eBpecial  reference  to  showing  the  reeem- 
blances  and  differcncea. 


CHAPTER  XL VI 
THK   PLATDfUH   MITALS 

The  rarer  elvmviitii  of  MvDdclejcfT'i)  dgbtJi  group  <Uv1iJe  them- 
selves into  acts  of  tlircc  each.  Just  as  iron,  cobalt,  iwtl  nickel 
havi'  »iinilar  iittmik'  wi'ighu  and  mucli  i\w  Mime  specific  gravity 
(7.»-S.8),  so  mtlieniuja  (Hu,  at.  wl.  101.7),  rhodium  (Kii,  at.  wt. 
103),  ami  pallfcdium  (Pd,  at.  wt.  106.7)  have  specific  Bra\iti<t& 
from  12.26  to  11.5.  Similnrly  ounium  (Oa,  at.  wt.  191),  Iridium 
(Ir,  at.  wt.  193),  and  pUtmum  (Ft,  iit.  wt-  J95.2)  form  a  triad 
with  spwific  (Uftvitien  from  22..'i  to  21.5.  Chemically,  nilhcnium 
showH  tlie  closest  reReitiblaitce  to  osmium,  and  l>oth  are  allied  to 
iron.  Similarly,  rhodium  and  iridium,  and  palladium  and  platj- 
niim  are  natural  palm. 

The  six  elements  are  found  alloyed  ui  nuf;gets  and  particles 
which  are  separated  from  alluvial  sand  by  washing.  Platinum 
forma  60-84  per  ireut  of  the  whole.  The  chief  dcposte  are  in  the 
Ural  Mountains,  sntallc-r  amounts  Iwing  found  in  California, 
Australia,  Borneo,  and  elsewhere.  The  compooeots  arc  separated 
by  a  complex  scries  of  cbt-mical  operations. 

Rutltenium  and  Oamium.  —  Thc»ie  metuls  urv  gray  like  iron, 
wlille  the  other  four  arc  whiter  and  more  like  cobalt  and  nickel. 
They  alao  resemble  iron  in  Ixnng  the  most  infusible  members  of 
their  respective  sets.  Both  melt  considerably  above  2000°. 
They  likewise  resemble  iron  in  uniting  easily  with  free  oxygen, 
while  the  other  four  elements  do  not.  Ruthenium  ^ves  RuUi 
and  even  Ru()(,  although  the  latter  oxide  It  more  eaaly  obtjiined 
indirectly.  Osmium  gives  OsOj,  "oimlo  seld,"  a  white  cryntal- 
line  body  melting  at  40°  and  lx>ilinR  at  about  100°.  The  odor 
and  irritating  eJTects  of  the  vapor  recall  chlorine  (Gk.  if^ij,  odor). 
The  substance  is  not  an  acid,  nor  even  an  acid  anhydride.  The 
aqueous  solution  is  used  in  histology',  and  stains  tissues  in  conse- 
quence of  its  reduction  by  organic  bodies  to  metallic  osmium. 
It  is  u£fected  particularly  by  fat.     Osmic  acid  also  hardens 
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matcriiil  without  distorting  it.  Osmium  forms  also  a  yellow, 
coidiilliiie  fluorld*,  OttFt  (m.-p.  54.5°).  It  wiU  be  observed  that 
ruthenium  and  uMiuum  have  a  niaximutn  vulcaec  of  ei^t. 

Rhodium  and  Iridium. — These  metals  arc  not  atlackcd  b] 
€iqua  regia,  while  the  other  four  are  dissolvcMl,  more  or  less  slowly.'^ 
They  are  harder  than  platinum,  and  iridium  Ls  alloyed  niUi  this 
metal  for  the  purpotte  of  increasing  its  reaistance  to  the  action  of 
adds.  They  resembtc  cobalt  in  having  no  acid-forming  properties. 
The  most  familiar  compounds  of  iridium  are  the  complex  chlorides 
X,IrC.1,  (=  3Xa,IrCl,)  and  X-IiCl,  (=  2Xf:UrCl.).  The  solu- 
tions of  the  latter  arc  red,  and  the  acid,  ehl«Q-lrldlc  add  IltlrCli, 
is  often  found  in  oommcreJal  cbioroplatinic  acid  HiPtCU,  and 
confcTV  upon  it  a  deeper  color. 

Palladium  and  Platinum,  —  Palladium  is  the  only  metal  of 
this  f.'unily  which  is  iittjicltt-d  by  nitric  acid.  Palliidiuui  and  plati- 
num form  -oiM  and  -ic  conip'>u"'Js  of  the  forms  PdX«  and  PdXj, 
respectively.  The  oxides  JMO  and  PtO  and  corresponding  hy- 
droxides are  basic.  Wiien  (jiiadrivalent,  the  metals  appear  chiefly 
in  complex  compounds,  hke  Hs.Ptt"U  and  Hi.PdCU,  in  which  the 
metal  is  in  the  anion.  Platinum  gives  also  platinates  derived  from 
the  oxide  PtOj. 

Patladiuni.  —  This  metal  (m.-p.  1549°),  named  from  the  planet* 
oid  Pallas,  is  noted  chiefly  for  it«t  great  teiideuej'  to  alwotb  hy- 
drogen. When  finely  divided,  it  Ukkos  up  about  800  times  its 
own  volume.  Tlie  amount  absorbed  varies  continuously  with 
tite  (xmeenlration  (pnwsunO  of  the  hy<lroKen,  although  not  ao- 
eortling  to  a  uniform  rule,  and  tlie  produrt  is  in  part  at  least  a 
aolid  solution.  When  a  strip  of  palladium  is  ma4e  the  cathode 
of  an  electrolytic  cell,  over  900  volumes  of  hydrogen  may  be 
'  occluded.  This  absorl>ed  hydrogen,  in  consexpicncc  of  the  cata- 
lytic influence  of  the  metal,  reacts  more  rapidly  than  does  the  gas, 
and  conaequenlly  a  strip  of  hydrogenized  palladium  will  quickly 
precipitate,  from  solutions  of  their  salts,  copper  and  other  met»b 
leas  elert ropositivc  than  hydrogen  and  will  reduce  ferric  and  other 
reducible  salt«: 

CuSO,  +  H,-  HrfiCV  +  Cu,"     or      Cu*+  +  H,-.2H*  +  Cu. 
2FeCI, -fUj -* 2FeCl,  +  ZHOf" or  2Fe**+  +  H, -•  2Fe++ 
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Platinum.  ^-  This  metal  (dim.  of  Sp.  plata,  stiver)  is  gravis 
white  in  color,  and  ta  very  ductile.  At  a  ml  hcut  it  can  be  welded. 
It  does  not  melt  in  tbc  Bunscn  flaiu«,  but  fuses  vtudly  in  the  oxj-Iiy- 
drogen  jet  (m.-p.  lTo5°),  On  Hccounl  of  its  very  small  cheniicid 
activity  it  is  used  in  electrical  upparntus  uud  fur  making  wire, 
fi^lf  and  crucibles  and  other  vc«se-Is  for  use  in  laboratories.  It 
interactti  with  fuMxl  ulkali^st,  giving  ptstinat«8.  The  oxygen  acids 
ere  without  netion  upon  it,  but  on  account  of  tbc  tendency  to 
form  the  extremely  stable  complex  ion  I*tOI«=  (p.  520),  the  free 
chlorine  and  chloride-ion  in  aqua  regia  convert  it  into  chloro- 
platinic  acid  HjPtCU. 

The  meta!  oondenaeif  ox>'^en  upon  its  surface  and  it  dissc^res 
hydrogen.  The  finely  divided  forms  of  the  metal,  sucli  as  platinum 
sponre  ni.irle  by  igniting  ammonium  chloroplatinate  (NH<,)iPtCU, 
platinum  black  made  by  adding  Kuic  to  chloroplatinic  acid,  and 
plaUnized  aab«fto8  niiide  by  (lipping  aabratos  in  a  solution  of  chlo- 
roplatiuic  acid  and  heating  it,  show  this  behavior  very  ooitspicu- 
ously.  They  cause  instant  cxplositHi  of  a  mixture  of  oxy^n  and 
hydrogen,  in  consciiuence  of  the  heat  developed  by  the  rapid 
union  of,  that  part  of  the  gtuxs  which  is  condensed  in  the  rnetal. 
A  heated  spinil  of  fine  platinum  wire  will  continue  to  glow  if  im- 
mersed in  the  mixture  of  iiteth>'l  alcohol  vapor  and  air  (oxygen), 
formed  by  pUtcing  a  Utile  of  the  alcoliol  in  the  bottom  of  a  beaker. 
Some  cigiir-hgliU're  work  on  tliLs  principle.  Tbc  heat  is  developed 
by  the  interataion  between  tiie  aub8l,ance8,  whicli  Uikvs  place  with 
great  speed  at  the  surface  of  the  platinum.  Platinum  sponge  is 
ii.seil  M  a  cont.'ict  agent  in  moJcing  sulphur  trioxidc  (p.  270).         ^1 

Platinum  was  the  only  otherwise  suitable  substance  which  had  tb^l 
same  cocflicient  of  expansion  as  glaas,  and  it  was  consequently  fused 
into  incandescent  bulbs  ^nd  furnished  the  electrical  connection 
witli  the  filament  in  the  interior.  Recently,  however,  a  less  ex- 
pensive substitute  has  been  found.  Large  amounts  are  uliso  con- 
eunied  in  phott^raphy  and  by  dentists.  It  is  used  also  in  making 
jewelry,  and  in  Russia  for  coinage.  The  |Hice  of  the  metal  is 
subject  to  great  vju-iations,  since  a  niiiiy  season  in  the  Caucasus 
will  render  largi-r  amounts  accessible  to  the  miners;  but,  on  the 
whole,  the  many  applications  which  have  been  found  for  it  have 
quintupled  its  prio*  in  the  last  thirty  years.  The  price  is 
about  twice  that  of  gold. 
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When  special  resistance  to  chemical  or  mechanical  influences  is 
required,  aa  in  standard  meters  for  international  reference,  or 
pointa  of  fountain  pens,  the  alloy  with  iridium  is  employed. 

Compounda  of  Platinum,  —PlaUnous  chlorldt  ia  made  by 
pasamg  chlorine  over  finely  divided  platinum  at  240-250*,  or  by 
heating  chturoplatinic  acid  to  the  same  temperature.  It  b  greenish 
and  insoluble  in  water,  but  forma  with  hydrochloric  acid  the 
soluble  chloropUtinoua  add  IljPtCU.  Potassium  chloroptattnite 
KaPtC^  is  used  in  making  platinum  prints.  Bases  precipitate 
black  pUtlnous  hydroxldfl  lH(OII)j,  which  interacts  nith  acids  but 
not  with  baacB.  Cientle  heating  gives  the  osdde  PtO  and  stronger 
heating  the  metal.  With  potassium  cj-anidc  and  barium  cyanide 
soluble  pUtlao-cymnld«8,  KjPt(CN),,3IIvO  and  BaPt(CN),,4H,0, 
arc  formed.  These  substanoM,  when  solid,  show  strong  fiuore*- 
cenco  {p.  606),  eonverting  X-ray*  as  well  as  ultra-violet  raya  into 
visible  radiations.  The  biirium  s:ilt  is  used  to  coat  ecreenit  oo 
which  the  shadows  caat  by  X-raya  arc  rt?ceived. 

ChloropUtlnic  Mid  II|PtC1fl,6IT:0  is  made  by  treating  the  metal 
with  aqua  rtyia,  und  forms  reddish-bron'n  dcliqucsei>nt  c-rysLiils. 
^Vith  potassium  and  luimioniuin  salts,  it  yields  the  t^piiringly  fAa- 
bte,  yellow  chloroplitliiiati-s  K,PtCU  «nd  (NH,),PtCl(  {cf.  p.  -152), 
in  solutions  of  which  the  plat  in  urn  iiii}i;riites  townrdM  theariudoHnd 
silver  Halt«  prtwipitate  A^PtCI*  and  not  silver  chloride.  PUtlaio 
chlorida  PtCl*  '\»  made  by  henting  chloroplattnic  acid  in  a  !itn?iuti 
of  chlorine  at  360°.  When  di*«)lved  in  wat«r,  it  combines  to 
form  H|.Pt<^UO,  with  the  platinum  in  the  negative  ion.  Rafles 
iutenu-t  with  ehloroplatinic  acid,  giving  a  yellow  or  brown  pre- 
cipitate of  pUtlnio  hydroxids  Pt(OH}4.  This  substance  interaeta 
with  \>a2<f»  to  give  pJatioatM,  like  NftiHioPl/>ij,Hj(l.  Both  wta 
of  pUtiiium  com)x>und8  intem<.-t  with  h>'drogen  sulphide,  givinj^ 
the  fulphidw  PtS  and  PtSi,  respectively.  These  are  black  powders 
which  (liH»«)lve  in  yellow  anmioniuni  sulphide  solution,  much 
aa  do  the  Hulphi<leji  of  ftoUl,  araeuic,  and  other  metals,  giving  am- 
monium sulpboplatioates. 
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APPENDIX 
I.  nt*  Blvtrie  Syttam 

Lattfth.  1  meter  (1  m.)  =  10  decimeters  =>  100  centimeters  (100 
cm.)  =  1000  millimeters  (1000  mm.)- 

1  kilometer  =  1000  meters  (1000  m.)  -  0.6214  milee. 
1  decimeter  »'0.1  m.  —  10  centimeters  ■=  3.937  inches. 
1  meter  =  1.094  yards  =-  3.286  ft.  -  39.37  in. 

TolunM.  1  liter  =  1000  cubic  centimeters  (1000  c.c.)  =  a 
cube  10  cm.  X  10  cm.  X  10  cm. 

1  liter  =  0.03532  cu.  ft.  =  61.03  cu.  in.  =  1.057  quarts  (U.  S.) 
or  1.136  quarts  (Brit.)  =  34.1  fl.  02.  (U.  S.)  =  35.3  oz.  (Brit.). 
1  fl.  ounce  (U.  S.)  =  29.57  c.c.    1  ounce  (Brit.)  -=  28.4  c.c. 
1  cu.  ft.  -  28.32  Uters. 

Woigfat.  1  gram  (g.)  =  wt.  of  1  c.e.  of  watw  at  4'  C.  1  kilo- 
gram =  1000  g. 

1  gram  =  10  decigrams  >=  100  centigrams  (100  cgm.)  =  1000 
milligrams  (1000  mgm.). 

1  kilogram  =  2.205  lbs.  avoird.  (U.  S.  and  Brit.). 
1  lb.  avoird.  =  453.6  g. 

1  oz.  avoird.  (U.  S.  and  Brit.)  =■  28.35  g.     100  g.  =•  3.5  ot. 
1  nickel  (U.  S.)  weighs  5  g.    1  halfpenny  (Brit.)  weighs 
5  to  5.7  g. 

n.  Scale  of  HudDHi 

Each  of  the  following  minerals  will  scratch  the  surface  of  a 
specimen  of  any  one  precedtn^  it  in  the  list. 

1.  Talc  6.  Fdspar 

2.  Gypsum  (or  NaCl)  7.  Quarta 

3.  Calcite  (or  Cu)  8.  Topaa 

4.  Fluorite  9.  Corundum 

5.  Apatite  10.  Diamond 

US 
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OUu  lA  slightly  Mratcbcd  by  S,  and  easily  by  those  following. 
I'GlaK  will  not  scratch  Sdistiuctly,  but  willacrntch  tfaoec  prccwdingS. 
A  pjod  knlf«  acratchea  B  sliftlitly,  hut  not  those  following. 
A  &!•  will  scratch  7,  but  not  iho«e  following. 


f 


m.  TamperaturM  Cantlcnd*  and  Vohranhalt 

Upon  the  centigrade  scale,  the  freeting-point  of  water  is  0°  C 
and  the  boiling-point  tOO°  C.  Upon  the  Fahrviihi^t  acale,  the 
8Aiii(r  pointci  are  32"  F.  and  212"  F.,  respectively.  Tho  Bame  Ibter- 
val  i.^  thu»  100"  on  the  one  scale  and  ISO**  on  the  other.  The  decree 
Fahrenheit  is  therefore  i%^  or  j  of  1°  ('cntigrule.  Any  tenipvra- 
tures  can  be  converted  by  using  the  formul»: 

C."  -  J  (P.»  -  32),        P."  "  I  (C*)  +  32. 

The  following  table  (IV)  contains  the  temperatures  from  0°  C. 
to  35"  C,  with  the  corrutponding  values  on  the  Fahrenheit  scale 
(32"F.  to93"F.). 


IV.  Vftpor  Pressurm  of  W«t«r 

Bolt  iha  Fihrwibait  CF.)  or  ordjnuy  and  ih«C«fititTwW  (CX)  l«mp«fstuni  An  (IroiL 


Twnpvmtun. 

Tauipormttuv. 

^n^^ir*.  miriH 

Piwiir*.  mra. 

F. 

C. 

F. 

c. 

33' 

0" 

4.0 

71.0" 

32° 

10.7 

41 

& 

0.5 

73.4 

23 

30.9 

4a  4 

s 

S.O 

75,2 

34 

33.2 

4S  2 

» 

».o 

77-0 

2S 

33.0 

fiO.O 

10 

».3 

78. S 

» 

3S  1 

SI  ti 

II 

B.8 

80.8 

37 

3BA 

63.6 

13 

lO.A 

83.4 

38 

38.1 

BS4 

13 

11  2 

81.3 

39 

30.8 

SJ.3 

H 

It  9 

seo 

30 

31  .S 

MO 

15 

12-7 

87. S 

31 

334 

eot) 

IS 

13- & 

89,6 

82 

35.4 

«2.e 

17 

14.4 

91,4 

33 

37.4 

M.4 

18 

16-4 

98.2 

M 

30.« 

as.a 

I» 

IS  3 

9S.0 

36 

41.8 

08.0 

» 

17.4 

00.8 

31 

IS  5 

312  0 

100 

700.0 

6S0 
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T.  Otdar  of  ActMtr  of  the  Hstato 
(KLectromoUTe  SsfIm) 


Each  metal,  when  placed  in 
metals  following  it  in  the  list, 
deposita  it  in  the  free  condition 

For  explanation  of  potential 
see  pp.  539-547. 


a  solution  of  a  salt  of  one  of  the 
displaces  the  second  metal  and 
(see  pp.  60,  260,  438,  531). 
differences  (electromotive  aeries). 


Potassium 

Manganese 

Tin 

Mercury 

Sodium 

Zinc 

Lead 

Silver 

Barium 

Chromium 

HTdrogsn 

Palladium 

Strontium 

Cadmium 

Copper 

I^tinum 

Calcium 

Iron 

Arsenic 

Gold 

Magnesium 

Cobalt 

Bismuth 

Aluminium 

Nickel 

Antimony 

^^H                              INDEX                               ^^M 

^PiJI            *>•■  Adda  u*  itU  litUd  umUr  "wdil' 

'uHlMlUinidwIbfpMlllinindiad.     ^^^^| 

Fiott^  394.  40S 

Aaid,uxulic.  385.  413               ^^^H 
piumitic,  413                        ^^^^H 

~  Aortylciw.  3T8.  392,  394,  WO 

frrmuU  of,  t09 

pcrchbnf^  314,  315             ^^^H 

torch.  3»4 

perchraiaic,  224                   ^^^^H 

1    Add,  amtit;,  407.  467 
1        anticDonic,  ^d 

piTninri)piiiiF,  622                  ^^^^^| 

prmiilnhiirir,  201                   ^^^^H 
phoMt>liori(',  3fi8                    ^^^^H 

anwnic.  5HS 

anviiioits.  586 

phunpliutmui.  372                   ^^^^H 

pin^r,  34  ft                                 ^^^H 

boriOi43l 

pyrophoaphotic,  368,  371            ^^1 

priMnc,  420                          ^^^^H 

cMbolic,a4S 

Mdcnic,  294                          ^^^H 

oarbaiuC|383 

ail]eic438                            ^^^H 

chlonuiTic.  350 

dcatnnnic,  570                       ^^^^H 

chloric,  314 

•ulphuric,  270,  280               ^^^H 

cUonplstiuic,  350,  ft47 

KTsphic  (ofinula.  291         ^^^^H 

chlDTOUB,  314 

pro]icTii(s.  285                  ^^^^H 
RU  phurouH,  288                   ^^^^H 

chromic,  597 

diaulpburic.  38fi 
fomito,  385.  413 

tftnnic,  634                           ^^^H 
thiuwuphimc,  200               ^^^H 

faydrMoic,  340,  345 

Acidic  oxidns  M                        ^^^^H 
Acidinicirv.  26S                       ^^^^M 

hydriodif,  202 

bydrobriiiiiic,  tS8 

Acid*.  53,  U4                                   ^M 
anil  nnbydridi!*,  316,  360             ^H 

hydrodiliini-,  141 

hydtoeliloric,  propfrticB,  146 

(ractions  inniied,  241                   ^H 

hydroc.viiiii'.-,  420 

uun-iouic  formation.  241              ^H 

hydrnfltuilinrk'.  431 

of  oomiitant  boiliiift-poiiit,  145      ^H 

hydrofluoric,  20fi 

organic,  412                                  ^H 

hyilrofliKmilicic,  427 

propertif«  in  »olution,  210           ^H 

hy<lrmiilpliuriu,  200 

Actinium,  614                                 ^^M 

hypocbluroua,  161,  307.  309 

Actiona,  non^Miie.  260             ^^^^| 

bypoiutnnu.  3ST 
iociD,218 

revonible.  177                      ^^^^H 
Aotivltr,  add*.  2ti               ^^^H 

mcUJilKvphoiric.  368.  371. 417 

iippnrmt,  180                      ^^^^^| 

metMUMinic.  MI9,  S71 

bAwa,  242                            ^^^H 

nitric,  347 

chtmicul.  3»,  172                 ^^^^1 

(umii^SiS 

of  iuiioKi^ns,  242                   ^^^^H 
ordrr  of.  meuto,  &9              ^^^^| 

gnphte  formuln,  3AR 

oxiwillig  MlioDs,  3S4 

Duti-tiietab,  648                      ^^H 
Adaorption,  406,  41S                     ^H 

•jnthtUo.  353 

tMt,351 

Affinity,  chcnicftl,  180            ^^^^| 

Af9t<^«7                               B^^H 

Air,  K  mixture,  333                  ^^^^| 

ooii»<nunto  of.  32A,  333             _^M 

bqtDd,884                             ^^M 

tiitroaybnilphuric,  2S1 

nitroiw,  350 
i       onhophonharic.  348,  370 
1       oamicSM 

1                                                                « 

^^H 

^       r""^^H 

^H 

H            G52                                                        INDEX                                                 ^^ 

^^H     Air,  watrr  vnpnr  in,  SS 

AoAlytical  ntoctioni,  chramtum,  flfl 
oounlt  and  nickd,  042                  fl 

^^B         wi'JKlH  uF  22A  I.  101 

^V            Alrohol,  drnaliirnl,  407 

oapp(^510                                 M 
iron,  ess                                     ■ 

■                 vthyl.  40(1.  407 

lend,  581)                                    M 

■               mvtliyl.  40S 

majcneNum,  526                  ^^H 

■           Alnohiilii,  413 

msagaiiiBe.  633                   ^^H 

■           Alluliinctr)-,  2SS 

mercury,  A36                       ^^^| 

^1           AIloLrupic  niudificationa,  222 

poUanum,  453                    ^^H 

■           Alloys.  43^.  503,  SQl 

cilvcT,  518                            ^^H 

^1                ncid-rnnAUnii,  JOO 

KKlium,  465                         ^^H 

^1             aati-tricliau,  088 

tin,  572                                ^^H 

■  Aliun,  83. 558 

■  chnoMi,  UlU 

sine,  530                                         ■ 
Antiydridr-.  and  acid,  3G9         ^^fl 

^m           Aiimaiuttn.  S67 

and  add  or  sail,  3lQ            ^^H 

^1           AlmniniuEa,  554 

chromic,  508,  601                ^^M 

■               cftriMdc.  391 

pormanitanie,  622                ^^H 

^m              compounda,  S&6 

AnhydridM,  04                       ^^^| 

^1           Alumtnotbenoy.  55ft 

AnionH.  237                            ^^H 

^M           AluDdiim,  5S8 

AncKln,  237                                 ^^M 

H            AmaUajn,  sodiam,  3iS 

Antlinictne,  411                     ^^^^ 

^M             AmalK^mi,  435 
H            AiDcUij'Rt.  127 

Antimony,  567                        ^^^| 

compoundK,  .tSS                  ^^^| 

H           Ammonin.  340 

Apatite,  362,  486                    ^^M 

■               household.  344 

Aq.52                                         ^H 

^M               pcopcTtiea,  342 

Aqua  rqria,  356                        ^^H 
Aqueoua  teiUMn.  87,  MS              1 

■           Ammoiuo-coppcr  aalts,  604,  506,  507, 

corRotioD  (or,  73                 ^^| 

■                      509 

faydTmU»,9S                        ^^M 

H               -fDlvcmlUiiSIC 

Arisentic  «m  nIw                ^^H 

^1           Ammonium  amslRun,  455 

.\r^n^  335                              ^^H 

^M               carbanoU^SU 

^M               compaundt,  tnt  for,  345 

AnrniR,  582                            ^^^| 

white,  685                      ^^M 

^M               c)'iiDat«.  421 
^B               bydnMidev  344 

Aiffn&5S3                             ^^H 
A^hult.  391                           ^^M 

H               Riolybdatf.  605 

AwdiyinB.  -^21                             ^^^| 
AttnoBpnere.  32S                     ^^^| 

H               nitrolc,  3S7 

■               uitritc,  3311 

Atom,  conalitutioB,  304          ^^H 

■               Mlt>  of.  345.  453 

Atomic  numboii.  303              ^HH 

H              niliduLnmuM,  5S7 

weJ^t  of  a  n«w  elMoent.  1  IS   ■ 

■              BUlphideB,  4fi4 

wdSbts.  41,  103,  inaidt:  rcnr  oo« 
advuitaew  u(.  107                  M 

H               mlphoaUnnMe,  572 

H               Uiiocyan&te,  421 

Atoms,  43                                      ■ 

H          Ammono-oompounda,  535 
^1          AnondLous  bodies,  97 

Attril>ut»,  19                         ^^M 
Avopdro^  77                          ^^^| 

^1           AmpoG,  137 

^^^H 

^V            AmylnM,  406 

B.T.U..  400                             ^H 

H            Analyitut,  igualilative,  537 

Dabbitt'N  motol.  -VtS               ^^M 

H                 volumctrk,  257 

DakinK  powdan,  463             ^^H 

H             Annlytia-U  tmirr.innii.  aluminium,  AGS 

todi.^                             ^M 

H                (unmonium,  455 

Barium^  406                       ^^^^M 

H                 aneair  family,  593 

pcroxid«233                m^^^M 

H                cwlmium,  531 

Barometer,  71                    ^^^^H 

H                 cnlr.iiim,  495 

B<uM,M                                 ^H 

^L^^         ciwlcjum  family,  498 

fmctiona  ioniied,  243          ^^H 

^^^L                      S*  Adda  m  ill  IIUkI  undn  "uid 

ud  ■■!«■  usdn  Ihr  poilIlT*  twflcal.          V 

^m.  ^^^^   ' — 1 

^^^H^                                                    INDKX                                                       SB 

BoMN,  proportioi  in  Molutiou,  211 
Bnsir  osjiliw,  S4 

Calcium,  oxnlat^v  47S-484         ^| 
luido,  477                          ^^M 

Battvriw,  *m  mQs 
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Molar  aotutiona,  125 
Molar  wei^t,  102 
Molasses,  406 
Mole,  102 

number  of  molecules  in,  103 
Molecular  equations,  int«rpretation8, 

115 
Molecular  formulae,  109 
Molecular  theory,  74 

eases,  74 

nistory,  80 

liquids,  81 

liquid  and  vi^mr,  88 

of  solutions,  125 

solids,  81 
Molecular  weights,  100 

by  freezing'point,  134 

In  solution,  214 

of  elements,  110 
Molybdenum,  604 
Monde  proceae,  642 
Monel  metal,  641 


Mortar,  478 

Moseley'a  atomic  numbers,  903 

Naphtha,  391 

Naphthalene,  411 

Neon,  15,  337 

Neutralization,  formulation  *d,  264 

heat  of,  255 
Nickel,  640 

carbonyl,  642 

sulphate,  S3 
Niton,  337,  612 
Nitric  anhydride,  349 
Nitric  oxide,  350 
Nitrides,  339 
Nitro-hme,  487 
Nitrogen,  338 

iodidc;  346 

tetroxide,  351 

trichloride,  346 
Nitro^ycerine,  350,  368 
Nitroeyl  chloride,  356 
Nitrous  anhydride,  357 

onde,  357 
Nomenclature,  64,  306 
Non-mctalUc  elements,  94 

potential  differences,  S48 
Normal  solutions,  124 

OiLgas,  396 

Oil,  cotton  seed,  414 

of  vitriol,  285 

olive,  414 
Oleum,  285 

Open-hearth  process,  630 
Osmium,  644 

Osmotic  pressure,  125,  136 
Ostwald,  21 
Oxidation,  36 

always  with  reduction,  269 

and  reduction,  320-326 
Oxides,  acidic,  94 

basic,  94 

order  of  stabihty,  60 
Oxidising  agents,  explanation  of  ac- 
tivity, 221  _ 
Oxygen,  25 

^emical  properties,  31 

history  of,  25 

phj^cal  properties,  30 

preparation  of,  26 

uses  of,  37      ~  * 

why  atomic  weight  16,  46 
Oxone,  28 
Ozone,  219 
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Paikt,  879 

BoUttiuin.  lMnilphtt4%  452                     M 
bitnrtnte,  40.1                            ^^M 

Kthopone^  4OT 

luiiiiimiu,  4SG 

Polamuai  bfomiiie.  445                 ^^H 

piu'tnAiicJit  wtiiie,  400 
Pnlliulium.  57,  MS 

(lulphuric  acid  oq,  190                ^^^| 

Potaasium  oaabonDAc,  450              ^^^| 
chlotntc.  27,  313.  44S,  46ft           ^^1 

Pa^,402 

nHnK,560 

chloride,  444                               ^^^| 

Pnnffin,  390 

obruuitttc,  507                             ^^^M 

Para  RKien,  G08 
Paika^Noemk  51S 
Piutcurliltcr,  92 

cobalticronidc^  640                    ^^^M 
c«ballinitni«,  640                       ^^H 

cuprucyaniilu,  508                         ^^^H 

PMiling  pmrnw,  393 
Petri  >ah.4S0 

ivitiuftc.  421                                    ^^^1 

t-yanide.  4^1                                    ^^^| 
(Udmuialv.  507                             ^^^1 

[■crrhlnratcK,  31S 

Pcrchlorio  knhjrdrid?,  316 

(crrieyniiidc,  1137                         ^^^| 

Periodic  Byitiein,  207,  innde  rmr  cover 

fnrron-Mude,  451,  639                ^^H 
fluorioea,  445                              ^^H 
hydroKidc.  446                               ^^H 

PurmuiiU^.  401 

PcKixicLiU*,  223 

PoroxidM.  223 

)i]-p«chlont«.  308                       ^^M 

Petrol,  31H 

PolhBNum  ioJidi.-,  445                       ^^^^ 

Pitrolmimi,  391 

Bulpkuric  acid  uti.  201                   ^^^^ 

Petroleum,  300 

PotlUMum  iniuixnnnli;,  621               ^^^| 

RAntaR  of,  31)3 
Phenolplithalcui,  2S8 

nittale.  83,  448                           ^^M 
oxidM,447                                  ^H 

nuMgenr.  Ifi3 

pcrddonH*,  315,  448                         V 

Pboapbate  rook,  3l>2 

pvnnaoRanate,  83,  157,  225,  621        M 

FboapUni!.  3B& 

sulphate,  451                               ^^M 

Pboqihaiilum  iodiilc,  366 

■nilpludo,  452                             ^^H 

Phoqibotwcence,  3M 

Uuocjraoate,  tf  t                          ^^V 

PhoMihorii;  antiyilride,  367 

liinodide,  300                                     ■ 

PbixphoritP,  362.  4t» 

I'olcntial  difltntncM,  niutle,  546,  M7    ■ 
PolrntiuU,  diHrhnritiTiit.  548                   ■ 

Phonihonu,  363 
aends  of,  3«S 
peatadUoriiir,  117.367 

PredpilateB,  diampuuu  cj,  147               1 

PrcoipilAtiun,  in  prcx-jicG  of  odda,  484    1 
fonnulntion  at,  352                                 1 
ttwory  of,  478                                     ■ 

|WDtii>iulpbid&  373 
penfaoidV,  367 

tricUwid^ae? 

PraBure,  uentmtic,  126,  135                    M 

IfibroDudn.  197 

PmHulI.  72                                     ^J 

tri'iodide,  301 

«olutioD,  128                               ^^H 

vapor,  117 

vapor,  87                                     ^^H 

Photogjnpliy.  517.  600,  637 

Prinrtlny,  14,  2«                                     1 

Pic-titrc  rpulminn,  224 

Problems,  ariUuuetical,  45,  66,  115,    1 

PI&iUs  and  mibon  dioxide,  Sal 

MO                                               1 

Phuiter  of  Park,  4g6 

Produntv  gnji,  385                                   1 

aBaUm,iS» 

Pnipertin,  specific  chemical,  30            1 

tUiiittuta,  04Q 
^    wo»ulyvU» 

Hpecifio  pturaiMl,  10,  30,  31                ■ 
IVitcuui,  m,  486                            M 

^H  riumbuga,  375 
^'Polariiwtion,  548 

t4»U»H)                                     ^H 
Pniaabn  blue,  037                          ^^M 

Polauium,  6t4 

I'yrrtxc,  370                                     ^^H 

PolysulubidcM,  274 
Pnrocluu,  Ml 

P>Tile,  264,  275,  636                      ^H 

PoU^460 

QitAiJTATivic  Mialyaia,  S37                      1 

_      Pouwium.  443 

QiionliUtive  experimtnla,  33,  34,  36      1 
Quant,  3,  83.  427                                    1 

m         ■lum,  &Il» 
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QuHti  gl«M,  428 


Qe,477 


Radicals,  53,  313 

podtive  and  DcgatiTB,  53 

Vftlenos  of,  63 
Radioactive  elemeota,  606 
Radioactivity,  aigniSoance,  614 

uranium  group,  613 
Radium,  608 
Reactions,  concurrent,  316,  317 

consecutive,  280 
Reaction  formula,  SS 
Realgar,  £86 

Reductbn  and  oxidatioo,  320-326 
Refrigeration,  342 
Relations,  chemical,  163,  IBS 
Reversible  actions,  93 
R«y,  Jean,  5 
Rhodium,  645 
Rittman's  prooees,  391,  396 
Roasting,  27S 
RocheUe  salts,  463 
Rock  crystal,  tee  QuarM 
Root  nodulea,  336 
Rubber,  gynthetic,  393 
Rubidium,  453 
Rusting,  1,  4,  5,  6 
Rutheuum,  644 

Salammoniac,  463 
SaleratUB,  450 
Salt,  common,  82 
Saltpeter,  air,  353 

BeDga),  347 

Chile,  347,  448 
Salts,  149 

double,  245 

fractions  ionized,  242 

ions  of,  246 

non-ionic  formatioo,  201 

mixed,  245 

properties  in  solution,  210 
Sandstone,  430 
Saponification,  415 
Saponin,  420 
Scheele,  26 
Schoenite,  451 
Schwerin  process,  563 
Selenite,  485 
Betenium,  293 
Sewage,  36 

Siemens-Martin  prooees,  680 
Silicates,  430 
Silicon,  425 


Silicon,  dioxide,  427 

tetrafluoride,  206,  437 
Silk,  imitation,  359,  S07 
SUver,  512 

complex  compounds,  514 

salts,  515 
Slag,  438 

Smokeless  powder,  359 
Soap,  412,  415,  490 

cleansing  power,  418 

salting  out,  417 
Soda,  washing,  96 
Soda-water,  382 
Sodium,  457 

-ammonium  phosphate,  371 

bicarbonate,  402 

carbonate,  96,  460 

chloride,  82  458,  472 

cyanide,  488 

mcbromate,  598 

hydride,  458 

hydroidde,  459 

hyposulphite,  464 

iodate.  318 

metapooephate,  371 

nitrate.  459 

orthophoKihatca,  370,  464 

oxides,  459 

palmitate,  412 

peroxide,  28,  223 

persulphate,  291 

silicate,  428 

sulphate.  96,  463 
solubiUtiee,  132 

tetraborate,  432,  465 
Sodium  tbioeulpbate,  390,  464 
Solids,  molecular  relations,  81 
Solubilities,  131,  inside  froot  oow 
Solubility,  gae«8,  128 

meaBurement  of,  123 

product,  471 

temperature  and,  130 

units  to  expreM,  124 
Solution,  121 

as  a  process,  127 

dissociation  in,  210 

freezing-points,  134,  21S 

heat  01(126 

insoluble  salts  by  aeida,  481 

molecular  theory,  125 

physical  or  cbemical,  138 

pressure,  128 

rule  tor.  479 

saturated,  123,  12S 
definition,  133 
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Solution.  «nlid,  122 
nr«atur«l«d,  133 
luiue  ctuuign  in,  138 
luttanik  boitiuB-poiDtii,  135 
•M  Colloid* 
dcDsiliM,  I3» 
frccung^nlDU,  134 
molar,  12& 
Borroal,  124 
nUndord.  2G7,  623 
VBpor  Umsiofl,  134 
Solw  prams,  491 
s^beM.  8&t  108 
xibatOKopt,  WS 

J,  cheiiu(ttl,aS 
ooiDpotuMb.M 
SUlactilM,  470 
SUwcli.  3.  W3.  423 
Sum  d  mntttir.  86 
Slaliioiiao'  laytTh  333,  306 
SU!Mn,86 
Stckrin,  414 
Steel,  629-632 

chrDmiutD-vknadiuin,  683 

m&nnneM,  61S,  633 

Dioku,  632 

tungitcD,  606 
BUttotTpt  metal,  All 
Stibium  588 
StrontiuiD,  195 
Stnicture  of  mattn-,  74 
SuUiDulton,  100 
Subntouvc^  2 

miaph,  IS 
Sltbatilutioa,  162 
8ueraM,40a 
Su(in)M,404 
ausar.M 

(WW,  404 

iDTcrt,  405 
Sunn,  404 
8ulph»t«a,  388 
Biilptuil«>4<in,  287 
Sulphldm.  270 

Mtion  of  luuds  on,  271 

iiunlublek  elaMdGoaiion  of,  273 

tohiUlitiM  of,  S3I 
Sulphitw,  290 
Sulphur.  204 

pmptMlicK.  36fi 

Tjipor,  117 
Sulubur,  lunda  uf,  280 

(fioxiJp,  35,  275,  277 


Sulphur,  monochloirido,  391 

trioxidi!,  270 
Sulphuiyl  chloride.  278,  201 
6upapha«ptut«,  4ST 
Symboli,  44 

T-  N.  T.,  349 
TiLnninK,  RtirotMi,  flOO 
Tantalum,  £04 
Tanar-ctoetic,  581) 
TcUuriuni,  294 
Temperature,  and  tpted  of  nutoUon, 
59.  1S7 

oon^-ovion  tabic,  649 

critKAl,  78 
TpuiiifriBg,  631 
T<'ii«ile  Kirengib,  620 
TeiiNiuii,  aquMua,  87,  fV49 
TliuJIium.  553 
Tlirarj*,  iiu)lMtiI»r,  74,  80 
Thermit*,  S66 
TlionnocfiuuiiBliy,  J74 
Thorium.  6Sa 

oxide,  397 
Tiu,  507 

cnmpounda,  570 

-pinle.  650,  569 

tee  Staimoiu  and  Stannic 
I'itaiiium.  580,  630 
Tilnitioti,  2aB 
Toluene,  340.  302 
Tiuiuiitiou  puiiilK.  80 
TrinilTOtolunip,  a-IO 
TuiiiutAi,  tl05 
Tuniliull'ii  blue.  637 

ULTRAMAItrUK,  5*13 

UllRunicruHocipe.  416 
UoiU,  dcotricol,  237 
of  meMUmiMnt,  &i8 

UnniuDi.  COO 

ndicuiRlivity  of,  613 
DKa,421 

Vai.hnck,  61 

and  formuU-,  63 

tuul  oudatiou,  321 

dpHnitinD,  63 

exceptional,  M 

how  as(.'ertain«I,  63 
Vanadium,  503 
VapoTf  denidly,  mMMurement  of,  74 

equilibriuin  with  liquid,  80 

ptttmm,  87 

mtunU<il.  88 
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Vamish.  black,  3BS 

Vaseline,  391 

Ventilation,  328 

Verdigria,  808 

Vermilion,  535 

Vitriols,  529 

Volt,  237 

Volume,  ^m-molecular,  102 

Volumetnc  analysia,  2S7 

Wabninob,  68,  102,   111,  119,  133, 

175,   260 
Washing  eoda,  96,  462 
Water,  85 

aa  solvent,  90 

chemical  propertiea,  92 

ooagulation  process,  560 

oompodtloQ  of,  98 

dihydrol.  138 

domestic,  purification,  312 
Water  gas,  386 

carburetted,  395 
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Water  ^ASB,^S 

hard,  415,  489-493 

of  crystallitatioo,  96 

physical  properties,  85 

vapor  tensioiiB,  649 
Waters,  natural,  91 
WeightH,  atomic,  103 

equivalent,  65 

molar,  102 

molecular,  100 
Weld>ach  lamp,  387 

mantlee,  580 
Whisky,  406 
Witherite,  496 
Wood,  diatiUation  oS,  408 
Wood's  metal,  591 

X'KATs,  303,  609 
Xenon,  337 

Zinc,  527 

compounds,  528 
Zymase,  406 
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